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...  an  editorial 

In  recent  months  there  have  been  a number  of  changes  in  form, 
titles,  personalities,  and  functions  in  the  Rehabilitative  Engineering 
Research  and  Development  Program. 

In  August  1977,  Mr.  Earl  Lewis,  formerly  the  Editor  of  the  Bulle- 
tin of  Prosthetics  Research  and  Assistant  Director  of  the  Research 
(Renter  for  Prosthetics,  was  transferred  from  the  research  program 
'to  the  Office  of  the  Assistant  Chief  Medical  Director  for  Academic 
Affairs.  Mr.  Lewis  became  Director  of  the  Rehabilitation  Engineer- 
ing Education  Program,  physically  located  at  Wadsworth  VA  Hos- 
pital in  Los  Angeles  but  responsible  for  a nationwide  program  of 
education  for  many  disciplines  in  the  various  aspects  of  rehabilita- 
tive engineering.  In  his  new  post,  he  continues  the  same  functions 
regarding  the  educational  program  which  he  had  carried  out  effec- 
tively in  the  Research  Center  for  Prosthetics.  These  include  assign- 
ment of  VA  employees,  primarily  doctors  and  therapists,  to  the 
organized  Prosthetics  Education  Schools  at  the  University  of 
California,  Los  Angeles,  Northwestern  University,  Chicago  and 
New  York  University,  New  York,  as  well  as  organization  and  con- 
duct of  periodic  intramural  intensive  educational  programs,  and 
organization  of  new  and  special  courses  to  meet  VA  needs.  By 
agreement  with  the  Driver  Education  Program  in  the  Rehabilitation 
Medicine  Service  under  the  Assistant  Chief  Medical  Director  for 
Professional  Services,  he  is  organizing  a major  program  to  train 
VA  driving  instructors  in  the  special  problems  and  opportunities 
offered  by  the  newly  emerging  types  of  automotive  adaptive  equip- 
ment, to  enable  severely  handicapped  patients  to  drive  cars  or  vans. 

On  October  1,  1977,  Dr.  Vemon  L.  Nickel,  formerly  of  Rancho 
Los  Amigos  Hospital  at  Los  Angeles,  became  Director  of  the  Reha- 
bilitative Engineering  Research  and  Development  Service,  under  the 
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Assistant  Chid  Mcdtc.il  Director  Ini'  Research  and  Development, 
l)i.  1 lininas  !•.  Ni  wiintil). 

f.llcclive  April  'J2.  I5D8,  the  (.hid  Medical  Direr  tor  announced 
that  the  Administrator  approved  the  reorganization  of  the  Research 
(.enter  lor  l'rosthetics  as  the  Ollicc  ol  technology  lransler,  with 
ill)  sell  as  its  Director. 

I he  principal  (unction  ot  the  Ollicc  ol  Technology  lransler  is 
to  expedite  the  lransler  ol  research  results  in  Rehabilitative  Engi- 
neering RX.D  to  clinic.il  practice.  I his  is  a somewhat  different  use 
ol  tin1  term  ''technology  trausler  lrom  that  in  some  other  agencies, 
which  trausler  novel  technology  from  their  own  field,  such  as  space, 
to  applications  in  other  lields.  I here  hai'c  been  a lew  examples  of 
lransler  ol  rehabilitative  engineering  research  and  development  re- 
sults to  other  lields.  One  lather  amusing  example,  mam  y ears  .ago, 
was  the  development  of  a special  high-strength  but  very  flexible 
chain  lor  control  ol  certain  artificial  arms  by  tin-  Sierra  Engineering 
Company.  While  rapid  evolution  ol  artificial  arms  at  that  period 
eliminated  the  need  lor  the  chain  lor  its  original  purposes,  vve  were 
lascinated  to  learn  that  considerable  ipiantities  yvere  used  in  control 
sy  stems  lor  rockets.  It  rv.is  an  early  example  ol  “reverse  technology 
transfer”  from  a mundane  application  to  the  aerospace  field.  Than 
was  years  belore  NASA  was  given  the  charge  of  transferring  its^ 
space  . n;e  technology  to  other  applications. 

1 here  has,  ol  course,  always  been  an  emphasis  throughout  the 
Prosthetic  and  Sensory  Aids  Research  Program  upon  rapid  transfer 
ol  research  results  to  widespread  clinical  practice,  not  only  for  vet- 
erans but  also  for  others.  Public  Law  7LM)  of  the  80th  Congress, 
passed  in  June  1048  and  later  recodified  in  various  forms,  not  only 
authorized  research  in  prosthetic  and  sensory  aids  by  the  Veterans 
Administration  but  provided  that  the  Administrator  might  make 
the  results  available  so  that  all  disabled  might  benefit.  The  partici- 
pants in  the  program  have  always  interpreted  this  provision  vigor- 
ously it  was  not  enough  to  deposit  a copy  ol  a report  in  some  pub- 
lic library,  or  make  a lew  prototype  models  available  to  a small 
number  ol  patients.  In  addition,  on  a much  broader  scale,  they  dis- 
seminated research  results  through  publications,  scientific  papers, 
exhibits  at  profession.il  meetings,  appropriate  motion  picture  films, 
and  development  of  early  prototypes  through  successive  evaluation 
models  into  routine  mass  production.  Continuing  education  was 
provided,  not  only  to  YA  clinicians  and  VA  orthotic  laboratory 
supervisors,  but  to  the  private  practitioners,  therapists,  prosthetists, 
and  orthotists  who  served  civilians  as  well  as  veterans. 

lhc  VA  has  also  always  been  interested  in  making  its  results 
available  to  foreign  nations,  through  assisting  in  the  organization 
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and  conduct  ol  international  courses,  participation  in  conferences, 
and  special  teaching  assignments  in  foreign  countries  in  cooperation 
with  the  State  Department.  WHO,  foreign  governments  and  volun- 
tary organizations.  V.\  stall  and  contractors  have  traveled  exten- 
sively, both  to  impart  information  and  to  learn  of  new  develop- 
ments elsewhere.  1 liese  have  been  lurther  applied  in  this  country, 
or  have  served  as  the  basis  lor  still  lurther  improvements  for  the 
benelit  ot  all  disabled.  This  active  role  in  the  dissemination  of  infor- 
mation led  to  support  ol  a v ariety  ol  books  and  journals,  including 
the  Bulletin  ol  Prosthetics  Research,  and  to  the  varied  educational 
programs,  now  transferred  to  Academic  Affairs. 

Any  division  ol  functions  is  bound  to  be  relatively  arbitrary, 
since  ultimately  the  functions  are  again  combined  and  coordinated 
under  some  higher  official  such  as  the  Chief  Medical  Director  or  the 
Administrator  ol  Veterans  Allairs.  Thus,  the  organizational  struc- 
ture, hopefully,  is  more  a reflection  of  a policy  that  permits  each 
individual  office  and  participant  to  exercise  his  best  talents  and 
energies  in  the  fields  at  which  he  is  most  effective.  Unfortunately, 
none  of  us  are  omniscient  nor  omnipotent,  able  to  know  all  aspects 
and  perform  all  functions  equally  well  certainly  the  task  of  replac- 
ing human  parts  and  functions  calls  for  more  knowledge,  ability, 
and  energy  than  any  single  person  can  possibly  possess.  Individual 
experts  must  work  in  coordinated  fashion. 

The  Office  of  Technology  Transfer,  in  attempting  to  accelerate 
transfer  ol  research  results  to  widespread  clinical  practice,  will  have 
a variety  of  functions.  The  immediate  top  priority  is  to  accelerate 
the  publication  ol  this  Bulletin  of  Prosthetics  Research,  an  impor- 
tant function  though  sometimes  increasingly  delayed  due  to  regret- 
table but  often  uncontrollable  circumstances.  The  Fall  1977 
(10-28)  issue  was  due  out  about  the  first  of  July.  It  is  anticipated 
that  this  Spring  1978  (10-29)  issue  will  be  issued  about  September 
30th.  Every  effort  is  being  made  to  issue  the  Fall  1978  (10-30) 
issue  shortly  after  Christmas  1978  and  to  continue  to  accelerate 
future  issues  until  the  actual  issue  date  is  recognizable  within  the 
nominal  period.  This  course  seems  preferable  to  arbitrarily  redating 
an  issue  and  seeming  to  miss  a semi-annual  period. 

For  some  years  there  have  been  increasingly  formal  efforts  to 
provide  more  intensive  review  of  manuscripts  submitted  for  publi- 
cation in  the  Bulletin  before  acceptance.  This  has  involved  increas- 
ing use  of  external  reviewers  knowledgeable  in  the  field  but  used  on 
an  anonymous  basis.  It  is  expected  that  these  informal  reviews  will 
continue  on  an  ad  hoc  basis  as  necessary,  but  that  an  Editorial 
Advisory  Board,  representing  a broad  variety  of  disciplines  in  the 
many  fields  of  interest,  will  eventually  be  set  up. 
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I'ln*  bos  nn  (lie  front  rover,  below  the  title  Bulletin  of  I’rosthe- 
tie*  Research,  has  tended  to  show  the  agency  component  |>iihlishiii|i> 
the  magazine.  Origittallv  it  was  Prosthetic  and  Sensors  Aids  Service, 
then  Research  Center  lor  Prosthetics.  With  this  issue  it  is  being 
changed  to  Rehabilitative  Kngineering  Research  and  Development, 
indieatin.it  both  that  theOlliceol  lecluiologv  Transfer  is  an  agency 
ol  the  Central  Ollice  RK RK1)  Service,  the  real  sponsor,  and  also, 
perhaps,  serving  as  a subtitle  to  the  term  Bulletin  of  Prosthetics 
Research  to  indicate  the  broad  lield  covered. 

I here  have  been  occasional  suggestions  that  the  title  should  be 
i handed  Iron)  Bulletin  of  Prosthetics  Research  to  anv  of  a varietv  of 
othei  possible  names  to  iiulicate  something  broader  than  the  narrow 
connotation  ol  prosthetic  devices  as  "artificial  limbs"  alone.  The 
term  prosthesis  t ail  ol  course  represent  a wide  variety  of  other  arti- 
ficial hotlv  parts:  lot  vears  the  Veterans  Administration  has  inter- 
preted the  term  to  cover  a wide  varietv  of  other  devices  including 
orthoses,  cosmetii  lesloiations,  sensorv  aitls,  automotive  adaptive 
equipment,  spinal  cord  injnrv  eipiipment,  etc.  Indeed,  the  (Icner.d 
Counsel  ol  the  Yeteians  Atlministration  many  years  ago  ruled  that 
a law  pemutting  the  Aduunisti  atoi  to  provide  "prosthetic  dev  ices 
, without  regard  to  other  provision  ol  law"  could  he  used  to  cover  a 

verv  wide  range  ol  dev  ires  not  |iisi  artificial  limbs.  In  this  sense, 
then,  "pi osthetii  s"  is  used  as  a short  title  lor  the  science  and  art 
ol  ic placing  or  supplementing  anv  ol  a varietv  of  missing  or  defec- 
tive hodv  pails  and  Inin  lions,  i.ithei  than  listing  a long  and  almost 
ineviiahlv  incomplete  catalog  ol  possible  devices  in  various  docu- 
ments including  the  title  ol  this  maga/ine.  Similarly,  "research" 
has  been  inlcrptctcd  to  include  not  onlv  basic  and  applied  research 
hut  also  the  much  longei  protess  ol  development,  evaluation  on  an 
in*  reasinglv  wide  scale,  and  various  ellorts  toward  application  of 
lescarch  results  to  prar  tii  al  use. 

One  ol  the  functions  ol  the  Ollice  of  I'cchnology  Transfer  is 
to  maintain  a kelerence  Collection,  -originally  organized  over  25 
vr-.irs  ago  and  containing  items  still  older,  including  some  relatively 
rare  loreign  language  documents  Irom  World  War  1 and  earlier,  and 
reports  not  onlv  of  the  Veterans  Administration  hut  of  other  agen- 
cies. A note  describing  the  Reference  Collection  is  published  in  the 
Notes  and  News  section  of  this  issue. 

I he  predecessor  ollice.  the  Research  and  Development  Division 
ol  the  Prosthetic  and  Sensory  Aids  Service,  was  active  in  the  prepa- 
ration ol  a variety  ol  films  and  manuals,  both  for  professionals  and 
in  some  cases  for  the  patients  themselves.  Many  of  these  are  now- 
obsolete  and  need  to  he  revised.  It  is  anticipated  that  films  will  be 
updated  in  coordination  with  the  Medical  Media  Div  ision,  Learning 
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Resources  Service,  Veterans  Adunuisti.iiion,  Washington,  D.CI. 
Some  types  ul  manuals  diiectcd  in  |i.it ii-11 1>  .111'  .intii  ip. iti  il  lui 
icxision,  ,iiul  ultimate  availability  both  llnnitgh  YA  held  stations 
.mil  lui  salr  in  llii-  | in  1 >1  ii  at  tin'  Stipei  intendent  ul  Dm  unii  iits 
tillin'  ul  tlii'  ( it  i\  ft  itmen  I l*i  in  I inv;  Oilin'.  Sunilai  inloi  inaiiun  in 
tended  lui  |ia l it'll t > will  In-  prepared  tocoxci  min  i txpes  ul  dixa 
bdittex  xvlili  Ii  hail  nut  been  served  hi  tin'  |>a\l. 

It  ix  anticipated  that  tin'  bulletin  will  nuilmui'  tu  provide  In  it  h 
sc  lentil  ii  anil  m Imn  al  papers  appealing  tu  a In  nail  inlet dixi  iplin.irv 
amhiin  i-  interested  in  a x.niety  ul  devices,  ami  alsu  a xauetx  ul 
mini  niatiun  ul  YA  tel.ited  anti  sii|i|ilt-iiit-n t.n  \ kinds,  such  ax  news 
ami  nuirs,  briel  leports  un  VA  research  projci  is,  listing  ul  I’uhli 
latmns  ul  Intctcst  1 1 1 mi  ninnit  literature,  Recent  I'atcnix,  anil  a 
(.'..ilcndai  ul  l \iiits. 

rapt  IS  an-  suln  nnl  hum  hutli  YA  ami  nun  YA  imcxiigatoix  ami 
iliniiians.  longterm  readers  will  rcmcmhct  that  tin-  bulletin  has 
hcipicntlx  published  reports  un  projects  sponsored  h\  othci  agcn 
ms,  notably  thr  Rehabilitation  Services  Administration  ul  (In'  l)c 
partmcnt  ul  Health,  Idmation,  anil  Wi'H.ni-  with  wlmh  tin-  S' A 
Rehabilitative  Inginccring  Program  is  i .iivlnlh  cooulin.itcd.  Ihcrc 
Inin'  l»ft'n  ail  lilts  appealing  primarily  tu  am  ul  the  varictx  ul  disci 
pltiu's,  whcthct  doctors  ul  dittcrcnt  medical  specialties,  engineers  ul 
various  t\ pis,  prosthetists  in  orthotists,  therapists,  i t'h.ihi I i t ,i l it m 
woikcis,  i ti.  because  tlw  bulletin's  ainlii'iui-  is  intevdisi  iplin.irv 
(anil  because  nianx  ul  tin*  inajui  articles  in  ami  ul  themselves  arc 
inti'iilisi  iplinarx ) xxc  have  It'll  a special  obligation  tu  present  even 
tin-  must  highlx  tf t'h n if.il  malt-rial  will)  tin'  clarity  ami  precision 
nf  t- ilftl  tu  niaki'  it  accessible  tu  am  in  if  lliut*  n t rc.idci  whcthct  m 
nut  In-  ui  sin-  happens  tu  he  anuthet  specialist  in  the  particular 
tlist  ipline,  area,  or  ilex  iee  being  iliseussetl. 

We  intend  tu  try  tu  improve  uni  approach  tu  this  tlil  limit  stxle 
i>l  editing,  working  eluselx  xxith  um  authurs  anil  rex icvvcis.  Ihe 
m'.il  xxill  he  tu  organize,  within  the  piesent.itiun  ul  a paper,  that 
relatively  inlunnal  anil  basic  ileseriptiuii  ut  the  material  needed  h\ 
readers  traineil  in  tliseiplines  utlni  than  the  authurs'.  With  this 
euneept  established  far  lx  in  the  paper,  it  should  he  possible  tu 
introduee  inure  highly  teehnie.il  nomenclature  where  it  is  needed 
tu  aehiexe  preeision  in  euneept.  M.ithematieal  derivations,  il  need 
ed,  max  he  supplied  as  appendices.  Obviously,  providing  tu  each 
reader  real  accessibility  tu  nexx  knowledge  without  loss  ul  detail 
in  reasoning  or  I act  is  not  e.isx  . Iluxxexer,  in  a held  so  interdisci 
plinarx  as  this,  it  seems  surelx  necessary. 

Ihe  bulletin  has  oltfit  printed  articles  ul  a considerable  length 
without  imposing  the  tight  space  limitations  appropriate  tu  spe- 
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ciali/ed  journals,  which  can  assume  a great  ileal  of  knowledge  on 
the  part  ol  their  readers  within  a highly  specialized  field.  There  has 
also  been  generous  use  ol  illustrations  in  order  to  make  the  mate- 
rial moderately  intelligible  even  at  a glance  and,  incidentally,  in 
order  that  the  illustrations  and  their  captions  might  help  to  serve 
as  dictionary  or  glossary  lor  any  term  which  may  not  be  familiar 
to  the  reader. 

We  have  been  grateful  for  our  foreign  readers  and  have  tried  to 
be  aware  ol  the  special  need  for  clarity  of  material  by  those  whose 
native  language  is  not  American  Knglish.  It  has  also  been  apparent 
that  the  same  word  is  often  used  with  dillerent  connotations  either 
in  dillerent  fields  or  in  separate  countries:  thus,  “fatigue”  has  tpiite 
a dillerent  meaning  in  physiology  and  in  the  engineering  study  of 
strength  of  materials.  Similarly  "stress"  has  a different  meaning  to 
physiologists  or  psychologists  than  to  cisil  and  mechanical  engi- 
neers. There  are  names  for  parts  or  terms  in  prosthetics  and  ortho- 
ties which  have  been  used  differently  in  the  I'nited  States  and  in 
the  British  Isles.  To  a non  -Knglish-speaking  reader,  attempting  to 
translate  a difficult  word  with  the  aid  ol  a dictionary  may  well 
cause  contusion.  In  editing  an  attempt  is  made,  not  always  of 
course  successfully  , to  help  avoid  a misunderstanding. 

1 he  Bulletin  is  fortunate  in  having  gained,  early  in  its  publica- 
tion.  recognition  by  the  F.ngineering  Index  and  then  by  the  Index 
Mcdicus.  It  is  .dso  being  indexed  in  the  Rehabilitation  section  of 
Kxccrpta  Mcdica.  Thus  we  hope  major  articles  come  to  the  atten- 
tion of  specialists  in  a variety  of  disciplines  and  countries.  It  is 
hoped  that  further  vigorous  efforts  to  accelerate  and  further  im- 
prove the  Bulletin  will  continue  to  justify  such  widespread  index- 
ing and  abstracting. 

There  is  sometimes  an  unfortunate  tendency  for  researchers  to 
believe  that,  in  a rapidly  changing  field,  nothing  older  than  .r>  years 
or  so  is  worth  searching,  lhe  tendency  to  use  online  computer 
searches  such  as  Medline  (Medical  Literature  Analysis  and  Retrieval 
System  On-Line)  perhaps  accelerates  such  a trend.  Unfortunately, 
such  a limitation  may  well  lead  to  unwitting  duplication  of  past 
efforts,  or  to  overlooking  obvious  possibilities  for  revival  of  old-but- 
good  ideas  which  somehow  were  not  successfully  reduced  to  prac- 
tice when  first  proposed. 

One  famous  example  is  the  suction  socket,  patented  by  Dubois 
1).  I’urmelce  of  New  \ ork  City  in  18(>8.  1 here  were  a number  of 
later  attempts  at  the  same  basic  idea,  as  shown  by  the  patent  liter- 
ature. Finally  there  was  an  extensive  trial,  started  immediately 
after  World  War  1 in  Kngland,  but  abandoned  because  some  2(i  of 
28  users  had  rejected  the  socket.  Years  later,  however,  two  were 
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Mill  succcsslullx  wearing  theirs.  Presumably  , this  was  because  their 
>l limps  hail  retained  essentially  the  same  shape,  so  of  course  their 
sin  Ki  ts  continued  io  lit.  I In-  Mil  lion  socket  i <>m  t j>i  xxas  rcxixcd 
at  two  plan's  m (icrmanx  in  the  1 ‘ISO’s  anil  independently  on  a 
ven  small  scale  by  a limb  maker  in  New  York  City,  who  appai 
emit  litteil  onlv  a tew  eases.  Isc  in  some,  but  not  all,  parts  ol 
Ocrm.uix  expanded  i.ipiillx  during  World  War  II. 

1 he  suction  socket  teclmiipie  was  brought  hack  to  this  coimtrx 
as  a proposal  tor  ex  .dilation  by  a commission  sent  to  F.uropc  hx  the 
Sin  neon  (icneral  ol  [lie  I'nilcil  Stales  Army,  in  March  1940.  Alter 
extensive  trials  coonlin.iteil  hx  the  National  Research  (.louncil's 
Committee  on  Artilici.il  l.iinbs,  the  suelion  socket  concept  xxas 
recommended  to  the  Veterans  Administration  as  a worthwhile  form 
ol  lilting  proxided  that  each  xxas  prescribed  hx  a ipialificd  surgeon 
and  lilted  hx  a special!'  trained  limb  litter.  I lie  Cliicl  Mcdic.d 
Director  ot  the  Veterans  Administration,  in  October  1947,  then 
asked  the  National  Research  Council  to  arrange  IW  such  specialized 
training  lor  both  surgeons  and  limb  makers.  I bis  training,  pioneer- 
ing rehabilitatixc  engineering  education,  led  not  onlx  to  specialized 
continuing-education  schools  but  to  certification  ot  the  qualified 
limb  makers,  t hat  was  an  important  step  toward  the  upgrading  of 
limb  makers  into  the  more  prolession.dlx  oriented  prosthetics  pro- 
fession ot  today.  From  the  introduction  in  the  Spring  of  I94(>, 
there  xvere  intensixe  and  coordinateil  cllorts.  I here  xxas  a vigorous 
progiain  hx  the  Spring  ol  19  IS,  and  soon  alterxvard  an  increasingly 
widespread  sixain  ot  clinic  teams  composed  ot  physicians,  thera- 
pists, prosthetists,  and  prosthetic  representatives  to  fnlloxx  up  not 
onlx  the  rapidly  increasing  number  of  suction  socket  cases  but 
other  ty  pes  of  patients  as  xvcll. 

Hie  whole  concept  of  the  Orthopedic  and  Prosthetic  Appliance 
C.linic  leant  in  the  Veterans  Administration  had  been  tried  first 
at  San  Francisco  and  then  in  Ncxv  York  in  1949  and  was  wide- 
spread throughout  the  country  by  the  1950’s.  Some  years  later  a 
National  Research  Council  survey  indicated  at  least  400  clinic 
teams,  mostly  in  private  mcdic.d  centers  and  other  institutions, 
throughout  North  America.  Ihe  concept  of  the  clinic  team  was. 
in  turn,  widely  taught  at  international  prosthetics  courses  beginning 
in  1957,  leading  to  worldwide  acceptance  of  the  concept. 

Lessons  from  this  and  many  other  examples  of  attempts  at  trans- 
it* r ol  research  results  through  evaluation  into  wider  dissemination 
xvill  be  used  in  the  entire  Rehabilitative  F.ngineering  RiVI)  Program, 
with  the  Office  ol  rcchnologx  Transfer  as  a kex  element  in  promot- 
ing expeditious  transfer.  It  is  anticipated  that  this  Bulletin  will  be 
an  increasingly  effective  tool  in  such  efforts. 
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I.  INTRODUCTION 

Ambulation  training  is  an  important  phase  ol  tin-  rehabilitation 
proeess  lor  patients  with  am  ol  a variety  ol  pathologie.il  condi- 
tions. l he  abilits  to  shill  lateralis  in  order  to  achieve  single-limb 
balance  is  essenti.il  lor  functional  gait,  hut  mas  he  impaired  in 
patients  with  brain  damage,  lower-limb  amputation,  or  hip  joint 
replacements  (1).  In  addition,  a specific  amount  of  weight-bearing 
on  one  limb  is  often  prescribed  for  patients  with  various  ortho- 
pedic conditions  such  as  malunion  fracture  or  pinned  hip  fracture. 
Therefore,  the  final  ambulatory  go.il  is  often  divided  into  such  sub- 
groups as  standing  balance,  weight-shifting  ability,  and  achievement 
of  adequate  limb  loading.  Various  patients,  however,  are  unable 
to  achieve  all  of  these  sub-goals.  Tor  example,  the  patient  who  has 
just  received  a lower-limb  prosthesis  may  be  afraid  to  load  the 
artificial  limb  fully.  Patients  with  sensorimotor  disabilities  may  lack 
the  sensory  information  or  sensors  processing  ability  necessary  to 
develop  these  standing  skills  and  are,  therefore,  unable  to  achieve 
an  optimal  walking  performance. 

J this  report  was  prepared  as  part  ol  the  work  under  lirant  No.  23 -I*- 555 18  from  the 
Rehabilitation  Services  Administration.  Department  of  Health.  Education,  and  Welfare, 
W ashington,  l).C. 

8 


Wannstedt  and  Craik:  Limb  Load  Monitor 


> 


In  the  usual  clinical  environment,  the  clinician  has  very  few 
methods  by  which  to  help  the  patient  appreciate  appropriate  limb 
loading.  Two  commonly  used  tools  are  bathroom  scales  and  full- 
length  mirrors  (2).  The  use  ol  the  bathroom  scale  requires  that  the 
patient  load  the  affected  limb  to  the  desired  amount  and  then 
remember  this  load  during  walking.  However,  neither  clinician  nor 
patient  is  sure  that  the  loading  which  occurs  during  walking  match- 
es the  loading  that  occurred  during  standing  on  the  bathroom  scale 
(3).  The  use  of  the  mirror  serves  to  remind  the  patient  to  stand  or 
walk  "straight”  and  not  to  lean  toward  the  sound  limb  and  away 
from  the  affected  limb.  However,  an  erect  posture  does  not  neces- 
sarily correlate  with  symmetrical  loading  (4).  Therefore,  both  of 
these  methods  are  less  than  optimal  in  helping  the  patient  to 
achieve  proper  loading. 

In  instances  where  enhanced  sensory  input  may  lead  to  develop- 
ment of  controlled  motor  activity,  augmented  sensory  feedback 
has  been  used.  By  use  of  adequate  instrumentation,  feedback 
equipment  can  give  information  through  alternate  sensory  channels 
(e.g.,  auditory,  visual)  about  the  rate  and  amplitude  of  movement; 
augmented  feedback  is  immediate  and  contingent  upon  the  success, 
or  lack  of  success,  in  achieving  performance  (5). 

The  Limb  Load  Monitor  is  a clinical  tool  used  to  enhance  relearn- 
ing of  posture  and  locomotor  skills  of  patients.  Based  on  the  ration- 
ale of  augmented  sensory  feedback,  this  device  is  designed  to  pro- 
vide a proportional  auditory  signal  which  correlates  with  the 
amount  of  weight  placed  on  a limb.  The  auditory  tone  provides  an 
error  signal  if  actual  loading  does  not  match  the  intended  loading. 
Therefore,  the  alert  and  oriented  patient  has  accurate  additional 
feedback  information  which  may  allow  correction  of  aberrant  per- 
formance. In  addition,  the  clinician  is  provided  with  an  objective 
measurement  of  the  patient’s  progress  in  achieving  the  loading  goal. 

BACKGROUND  INFORMATION 

I he  Limb  Load  Monitor  (LLM)  was  developed  at  the  Kruscn 
Center  for  Research  and  Engineering,  Moss  Rehabilitation  Hospital, 
to  enhance  the  ambulation  treatment  program.  It  was  specifically 
• . designed  to  aid  in  the  achievement  of  proper  limb  loading  critical 
for  optimal  walking  performance.  In  order  to  replace  or  augment 
such  methods  as  bathroom  scales  and  mirrors,  the  LLM  had  to  be 
dependable,  clinically  useful,  and  practical  enough  to  justify  cost. 

The  Krusen  Center  staff  focused  on  two  major  objectives  during 
the  development  of  the  LLM:  (i)  to  design  a reliable  electronics 
package  and  (ii)  to  document  the  clinical  utility  of  the  device. 


9 


tl.illolin  of  PrmthutiCi  Hiwdicli  S|iimu  19/B 
Otistiiiplion  of  III.'  Otnncu 

llu  I I M . .insists  .'I  .1  I'l.  ss«« i«-  ii.ims.Im,  i i . .nun  . i.  tl  I"  win  • » * 

.1  Mil. ill  , t'llll.'l  I'HS  ( I li;  n III.  ll.lllsiltt,  . I Is  lllllll  MU. I .1  ■'ll. '. 

Insult  .nul  Is  III.  .Mil  l>>  ll.  WHIM  lltslll,  ill.  slim  III.  I.'lllll.l  ||>>\. 

win.  Il  W . I v|l  I s *>  ..  , is  MM  .Mil  l.«  In  WHIM  .111.1.  In. I In  ill.  | l.tl  I.  II I s 

lu  ll  |h,  . HMti.il  lm\  i .ml. mis  tin  snuii.  Ini  .mi  .ii u 1 1 1 > *i \ 'U;ii.il 
will.  1 1 \ .Mil's  III  lu.|II.IU\  Ml  |l|ll|.lllll..|l  In  ill.  I'l.SSlII.  ll.  Ill" 
< \<  l I.  .1  nil  ill.  II. Ills. In.  i t 


9 


I 1 

|T'V  ' 

I aP 


I \K,\  Kl  I Mu  I lint*  I nil  M.mui.m  l»  1 nl  » |M»  NMUt  mumii"  • 

i imiui  it'll  l*>  wiu  i»*  i \**i\  ioni.uiuui*  » oulioU  .ui«l  .i  soiuul  iu  *1*  x u » l»»*\ 

lull  It, It  «|  It*  1*1  lllllll  «'ll  |I\|  |«.ltu  Ml  \ l*»  ll 


III,  11M  pinMil.  s IWH  III  . HIM.  ill  nil'll.'  I'.'ssil'ililn  s III 

"Mn.l.  -J"  (It,  s. Min. I .I, a I.  .is,  s in  1 1 i i|mi  lit  \ w ilh  mu  i.  msi  ,1  l.'.i.lnn; 
.ill.)  In  . .'lii.  s silt  ii l wlwii  ill.  In.nlnn;  y;n.ll  is  li'.l,  In  , I,  Ml  "\ln,l,  ' 
ill,  snmnl  l>,  hiiis  .it  ill,  , .ililn.iinl  Ih.i.Iiiih  I. \.  l ,nul  m,  i,  .is,  s m In 
.jilt'll.  \ with  ill.  it  ms.  .1  w.'l^lll  I"  .M Ml.; 

Ill,  , milinls  ill.  In.  I.'  .1  sw  il.  Ii  Ini  sclc,  lull*  nil.  nl  ill.'  tw.*  lii'.it 
in,  in  inn, I,  (i.issilnlui.'s.  ,in.l  .i  ti'iuinl  kit.ili  t.'i  .tiljnslini;  tin-  snitn.l 


Wanmtedt  and  Craik:  Limb  Load  Monitor 


“null"  point  which  indicates  to  thr  patient  that  the  desired  loading 
has  heen  teat  lied.  I n ealihrate  the  I.I.M.  the  patient  loads  the  limb 
on  a bathroom  stale  while  the  mill  point  setting  is  adjusted.  There 
is  also  a control  lor  sound  volume,  l ire  side  t>l  the  control  box  pro 
sides  a jack  to  .uccpi  the  input  Irom  the  transducer  and  another 
labeled  “earphone."  Insertion  ol  an  earphone  plus  automatically 
diverts  the  signal  to  the  earphone  and  silences  the  small  “loud 
speaker"  tvpe  sound  generatoi  in  the  control  box. 

Previous  Clinical  Testing  “In-House"  and  Outside 

With  the  clinician  in  mind,  the  Krusen  Center  fell  it  a responsi 
bilitv  to  demonstrate  not  only  the  validity  but  the  clinical  elticacy 
of  the  I.I.M.  Bench  and  laboratory  testing  at  the  Krusen  Ontei 
during  the  past  .r>  \ ears  has  shown  that  the  final  prototype  accu 
ratelv  and  reliably  measures  the  vertical  limit  loading  (ti).  In  aildi 
lion,  Waunstedt  and  Herman  conducted  a clinical  study  on  patients 
with  hemiplegia  (classified  as  stable)  in  their  recovery  ol  lunetion 
(7).  findings  of  this  study  indicated  that  patients  were  able  louse 
the  I.I.M  to  learn  to  stand  symmetrically  and  then  were  able  to 
retain  this  skill  in  the  absence  ol  the  leedback  device.  In  this  “in 
house”  studs  , the  equipment  was  operated  by  trained  personnel 
and  engineering  expertise  was  immediately  available,  so  equipment 
failure  was  not  a factor  in  the  results  which  suggested  that  it  was 
clinicalh  feasible  to  incorporate  the  I.I.M  into  the  treatment  pro 
gram  of  patients  with  locomotor  dy  sfunction. 

The  next  stage  of  testing  naturally  involved  clinical  use  by  stall 
physical  therapists  outside  ol  the  Krusen  Center.  Several  clinical 
trials  were  conducted  at  various  hospitals:  three  in  Philadelphia,  and 
one  each  in  Massachusetts,  New  jersey  , and  Kentucky  . 

Those  tests  were  conducted  to  determine  clinical  acceptability  . 
equipment  reliability  . and  usefulness  of  the  I.I.M  to  the  patient  and 
to  the  clinician.  Results  indicated  that  tin1  clinician  could  learn  to 
operate  the  device  and  that,  when  appropriately  selected,  patients 
with  either  ncurologn  or  orthopedic  disability  (or  both)  were  able 
to  understand  the  purpose  ol  the  auditory  signal.  In  addition,  the 
prototv  pe  of  an  improved  I.I  .M  was  fabricated  in  response  to  the 
therapists’  suggestions,  f inallv  , as  a result  ol  those  trials,  an  opei 
atiug  and  treatment  manual  was  developed  with  the  purpose  ol 
transferring  operating  and  equipment  maintenance  information  to 
the  clinician  who  would  pun  base  the  I.I.M  (8,9). 

The  studies  completed  at  tin-  Krusen  Center  and  within  the 
various  hospitals  suggested  that  the  I.I.M  was  a reliable  device  and 
that  careful  iustrm  lion  on  its  use  would  enhance  its  clinical  success. 
The  results  also  indicated  that  the  I.I.M  could  enhance  postural  con 
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trol  ami  loading  awareness  in  patients.  Therefore,  the  necessary 
next  step  was  to  eomlnet  an  extensive,  more  highly  organized,  trial 
to  doemneni  the  elleet  ol  the  device  on  patient  performance,  the 
actual  utilization  ol  the  device,  and  a practical  method  lor  intro- 
ducing the  device  to  the  clinician. 

FIELD  TRIAL  DETAILS 

Purposes 

I he  purpose  ol  this  lield  trial  was  to  document:  (i)  transfer  of 
information  Irom  the  laboratory  to  the  clinical  setting;  (ii)  utili/a 
lion  ol  the  i.I.M  among  patients  with  similar  functional  diagnoses; 
(iii)  effectiveness  ol  the  I.I.M  in  attaining  treatment  goals;  and  (iv) 
reliability  ol  the  I.I.M  in  the  clinical  setting. 

Outline  of  Procedure 

1 he  plan  developed  to  lultill  the  slated  purpose  can  he  outlined 
as  follows: 

1.  identification  ol  facilities  interested  in  a cooperative  investi- 
gation; 

2.  selection  ol  a liaison  with  each  facility; 

-I.  training  selected  stall  members  in  desire  operation; 

■I.  having  patients  selected  to  use  the  device  in  treatment; 
f>.  record  keeping  of  initial  and  final  status,  outlined  treatment 
goal,  and  patient's  daily  progress  with  the  device; 
l).  evaluation  ol  the  clinical  utility  of  the  device. 

I bis  plan  was  instituted  using  the  procedure  to  he  described. 

Participants 

1 he  lormal  trial  period  was  planned  to  extend  front  September 
ll>7l)  to  June  l‘>77.  l ive  centers  agreed  to  participate  in  the  trial. 
Participating  centers  ami  personnel  were  as  follows: 

1.  Ontario  Crippled  Childrens'  Centre,  Toronto,  Canada 
Physical  Therapy  Department 
Maine  Sharp,  M.ll.Sc.,  Coordinator 
’’  I.imla  Ross,  P.  I . (Attended  Moss  Workshop) 

'■  Marissa  Marshal,  P.T. 

Rehabilitation  Engineering  Center,  Harvard  M l.  T.,  Boston 
Childrens'  Hospital  Medical  Center,  boston,  Massachusetts 
Physical  Therapy  Department 

'’Janet  Cox,  I..P.I.,  Coordinator  (Attended  Moss  Workshop) 
Claire  T.  McCarthy  , I, .P.  T.  Director  of  P.T. 

*’  Soil  mem Ixo  primarily  rrsponsililr  lor  i him.il  use  ol  slit-  I.I.M. 


12 


I 


\ 

F' 

\ 

I 


t. 


Wannstedt  and  Craik:  Limb  Load  Monitor 


''Dana  McLaughlin,  L.P.'T. 
b Ly  mu-  Wicscl,  L.P.'T. 

Rehabilitation  Engineering  Center,  Northwestern  University, 
Chicago,  Illinois 

Mayola  Cottemtan,  L.P.T.,  Coordinator  (attended  Moss 
Workshop) 

A.  Cook  County  Hospital 
Physical  Therapy  Department 
Louise  Nelson,  Director  of  P.T. 

'■Arlin  Duboer,  L.l’.T. 

B.  Mercy  Hospital 
Rehabilitation  Department 

b Maureen  Birk,  L.P.'T.,  Director  of  P.T. 

C.  Rehabilitation  Institute  of  Chicago 
Physical  Therapy  Department 

Patricia  Kammcrer,  L.P.'T. , Director  of  P.T. 
h David  Duff.  I,. P.T. 

D.  University  of  Illinois  Hospital 
Department  of  PM&K/Physical  Therapy 
June  Schroeder,  Director  of  P.T. 

l>  Kathy  Manella,  L.P.T. 
b Janice  Hubatch,  L.P.'T. 

4.  Rehabilitation  Engineering  Center,  Rancho  Los  Amigos  Hos- 
pital, Downey,  California 

Michael  Quigley,  C.P.O.,  Coordinator 

A.  Amputee-Fracture  Service,  Physical  Therapy  Department 
b Norma  Mills,  L.P.'T.,  Director  of  P.T. 

bAntjc  Hunt,  L.P.'T. 

B.  Long  Beach  Memorial  Hospital 
Department  of  Physical  Therapy 
Norma  Shanbour,  L.P.'T.,  Director  of  P.T. 

b Gail  Tcaford,  L.P.'T. 

C.  Physical  Therapy  Graduate  Student  Project  (12) 
b Melinda  Allen 

b Joyce  Landes 
b Stephanie  Talley 

5.  Woodrow  Wilson  Rehabilitation  Center,  Fishcrsvillc,  Virginia 
Physical  Therapy  Department 

Patty  Altland,  M.S.,  Director  of  P.T. 
b David  Dcry,  L.P.’T.  (Attended  Moss  Workshop) 

A coordinator  was  selected  at  each  oi  the  live  sites  to  supervise 
the  clinical  trial  within  the  original  site  or  to  identify  other  hos 

*’  staff  members  primarily  responsible  for  clinical  use  of  the  l.l.M. 
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pitals  in  the  area  where  physical  therapy  departments  would  he  suit 
able  for  clinical  testing.  In  this  latter  instance,  the  coordinator 
wotdd  serve  as  a liaison  between  krusen  and  the  additionally  se- 
lected hospitals,  as  well  as  wi(.h  the  original  site. 

Transfer  of  Information  to  Participants 

On  September  20-21,  1070,  a two-day  workshop  washeldat  the 
krusen  Center  lor  the  coordinators  and  other  representatives  fro  in 
the  participating  centers.  1 he  course  was  designed  to  transfer  infor- 
mation about  the  purpose  id  the  field  trial  and  method  of  opera- 
tion of  the  l.l.M. 

Local  Site  Selection 

l pon  teturn  to  their  facilities,  each  coordinator  selected  appro- 
priate local  testing  sites  10  facilities  were  involved  in  this  process. 
The  coordinators  at  OCCC,  VVVVRC,  and  Harvard  M.l.T.  supervised 
the  trial  within  their  own  institutions,  while  those  at  Nl’  and  Rl.All 
selected  additional  sites. 

1 he  originally  selected  sites  at  Northwestern  University  included 
the  plivsic.il  therapy  departments  at  the  University  of  Illinois  Hos- 
pital, Cook  County  Hospital  and  Mercy  Hospital.  Five  months  later, 
thi'  Rehabilitation  Institute  ol  Chicago  was  added  at  its  own  request 
and  the  rehabilitation  department  at  Mercy  Hospital  was  selected  to 
replace  the  general  department. 

Originally,  the  amputee  and  fracture  service  was  the  trial  site  for 
Rl.All.  At  the  ti-montli  site  visit,  San  Pedro  Peninsula  Hospital 
joined  the  test  facilities.  Long  Beach  Memorial  Hospital  began  to 
participate  in  the  8th  month  of  the  trial. 

1 able  1 lists  the  type  ol  facility  and  patient  population  served  at 
each  site.  (Ol  the  10  sites  selected,  information  from  I)  was  found 
appropriate.) 

U.M  Distribution  and  Muiulemmr e:  Kach  of  the  five  coordinators 
was  given  three  Ll.M  and  20  insoles  ol  various  sixes.  They  were 
instructed  to  request  additional  units  if  needed,  and  to  return  any 
equipment  that  did  not  work. 

Materials  Provided:  Treatment  manuals  were  provided  for  each 
I.LM,  and  a sufficient  number  ol  tonus  lor  progress  documentation 
was  given  to  each  facility  (T  able  1 ; Appendix  A:  1-2). 

(.omniunuations  with  Participants:  In  addition  loan  initial  evalua- 
tion  and  daily  treatment  evaluation,  opinions  of  the  clinical  staff 
about  the  I.LM  were  to  be  collected  in  two  ways:  formally,  through 
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a questionnaire  '*>  be  completed  by  the  therapists  at  the  end  ol  the 
tiiol  and,  informally , at  each  site  visit,  through  interviews  at  stall 
meetings.  Visits  to  each  of  the  clinical  sites  were  made  in  October 
l‘>76.  and  in  February March  and  July,  1977.  (Northwestern 
l Diversity  was  visited  on  one  other  occasion,  in  May  1977.)  Regular 
contacts  were  made  with  the  participants  between  visits  via  tele- 
phone calls  and  letters,  and  contact  was  established  whenever  any 
questions  or  problems  arose  at  any  of  the  centers. 

Patient  Selection  Criteria  and  Therapy  Goals 

Two  target  groups  had  been  identified  for  l.I.M  training;  patients 
with  lower  limb  amputation,  and  patients  with  hemiplegia.  F.ach 
site  was  assigned  a specific  target  group  or  groups. 

In  order  to  be  a l.I.M  candidate,  the  patient  was  to  be  either  a 
patient  with  hemiplegia  or  a patient  with  a lower-limb  amputation. 
In  addition,  the  patient  was  to  have  a limb  loading  problem  and  to 
‘ull'H  the  selection  criteria  outlined  in  the  pre -evaluation  form 
(Appendix  A:l).  II  the  patient  was  an  appropriate  candidate,  the 
purpose  of  training  with  the  LLM  was  to  be  able  to  achieve  con- 
trolled weight-bearing  on  a limb.  Specific  goals  for  therapy  were 
either  (i)  to  prevent  excessive  loading,  (ii)  to  maintain  a load  level, 
or  (in)  to  increase  actual  weight-bearing  on  the  limb.  The  specific 
goal  selected,  and  the  daily  progress  made  in  achieving  the  goal, 
wiie  to  be  recorded  on  the  evaluation  and  progress  note  forms 
(Appendix  A:2). 

1 he  training  of  controlled  loading  could  be  achieved  either 
during  quiet  standing,  or  in  shifting  weight  from  side-to-side,  or 
during  walking.  Therapists  were  asked  to  record  the  manner  which 
they  selected  to  approach  this  goal.  They  were  also  asked  to  record 
the  mode  of  auditory  signal  used;  i.e„  either  “2”  where  the  sound 
decreases  in  frequency  with  increased  loading,  or  “3”  where  the 
sound  increases  in  frequency  with  increased  loading  bevond  a 
calibrated  threshold. 


FIELD  TRIAL  RESULTS 

Ol  a total  of  75  participant  months  (determined  by  adding  the 
number  ol  months  that  each  facility  participated  in  the  trial) 
5b  months  were  spent  in  actual  testing  of  the  l.I.M  (Fig.  2). 

Six  additional  U.M’s  were  requested  and  distributed  during  the 
clinical  trial.  Only  lour  l.l.M’s  used  during  this  trial  were  reported 
to  mol  I unction;  these  devices  were  either  repaired  by  the  Kruscn 
stall  or  repairer!  locally.  The  insoles  performed  without  problem 
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FIGURE  2.  - Actual  time  period  of  involvement  in  study  liy  the  various  centers. 


and  the  insole  breakdowns  that  occurred  were  the  result  of  inten- 
sive use.  (In  one  clinic,  three  insoles  were  worn  so  thin  that  they  no 
longer  worked  accurately  and  had  to  be  replaced.  Where  this  oc- 
curred, the  insoles  had  been  taped  to  the  outside  of  the  shoe  of  the 
prosthetic  foot  because  the  shoe  was  too  tight  to  allow  room  for 
the  insole.  Repetitive  use  in  this  fashion  tended  to  wear  out  the 
transducers  prematurely.) 

Relative  Utilization  of  the  LLM  in  the  Clinical  Setting 

Patient  Sample 

A total  of  81  patients  were  selected;  44  were  patients  with  lower- 
limb  amputation  and  37  were  patients  with  hemiplegia.  Tabic  2 
shows  the  number  of  patients  seen  at  each  center. 

• The  age  range  of  the  patients  was  7-83  years,  with  a mean  of 
46.3  years.  The  clinics  could  be  divided  into  three  subgroups  with 
regard  to  age:  the  two  children’s  hospitals  saw  patients  with  a mean 
age  of  14.6  years,  the  six  rehabilitation  or  general  departments  for 
adults  had  a mean  age  of  59.2,  and  the  vocational  rehabilitation 
center  served  clients  with  an  average  age  of  38.9  years.  The  mean 
ages  for  the  hemiplegic  and  the  amputee  subgroups  were  the  same 
as  the  corresponding  age  group  in  the  overall  sample. 
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Siim/ilc  Si: i'  (.'<> in/uiml  with  I'urgrt  (iroufi  Population 

I In'  overall  average  percentage  ol  the  amputee  population 
seleeteil  to  use  the  1.1. M was  27  percent  (7-11  percent),  while  the 
average  percentage  ot  the  hemiplegic  population  seleeteil  was  21 
percent  (17-27  pereent).  These  figures  were  eomputeil  !>\  compar- 
ing the  number  of  target  group  patients  selected  to  the  total  num- 
her  ol  target  group  patients  seen  b\  each  facility  per  month.  Figure 


s 
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reveals  the  wide  ratine  ol  relative  utilisation  in  tin-  various  I’acil- 
i tii's. 

l.l.M  I'sa^e  t’er  1 h era f>  is  t 

An  i-stimati-  ol  tin-  average  number  ol  patients  using  tin-  l.l.M 
seen  per  therapist  van  hv  inailv.  when  the  number  of  aciivclv  partic- 
ipating therapists  is  eonsiilereil  together  with  the  number  of  patient 
tonus  submitted  during  the  trial  period.  The  number  of  patients 
selected  per  therapist  per  month  was  between  0.2  and  0.4  in  both 
patient  groups.  This  estimate  is  shown  in  Table  4 where  it  ma\  be 
seen  that,  il  only  the  target  population  is  eonsiilereil,  the  trial 
activity  level  remains  lairly  consistent  among  the  various  clinics. 


1 ABl.r  S 1 1 \ I Unit;,  in  arms  nr  n inn  In  r „J  l>atnnt\  tlarn/nsts  month.  Ih,  figures  rear 
only  to  target  groups,  not  total  patient  samph  . 
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\ umber  and  Duration  of  treatment  Sessions  with  the  l.l.M 

1 hi*  number  ol  treatment  sessions  in  which  each  patient  used 
the  LLM  varied  greatly  among  centers  as  well  as  among  patient 
groups.  The  total  number  ol  sessions  was  407.  with  an  average  of 
0 treatments  per  patient.  The  hemiplegic  patients  used  the  l.l.M 
from  1 to  22  times  each,  with  an  average  of  4 times,  while  the 
amputees  used  the  device  during  1 to  54  sessions  with  an  average 
of  7 treatments  per  patient,  figure  4 shows  the  distribution  of 
treatment  activ  its  among  participating  departments. 
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The  actual  duration  per  session  in  which  the  1.I.M  was  in  use  tinl 
not  vary  wreath  (20-til)  minutes)  ami  only  occasionally  was  a pa- 
tient reported  to  use  the  device  during  a whole  day  . 


AMPUTATION  ***  * HEMIPLEGIA 


I'lttl'Rt  4.  \vvt4ni'  .nut  r.»n<e  til  mimlttr  ot  MtMttits/palu'nt  .a  t lu-  various 

< nilm. 

l-'slniuiti  il  l tiliiution 

The  frequency  of  1.1. M use  during  this  field  trial  was  related  to 
the  number  of  therapists  active  at  a center  and  to  the  type  of  pa- 
tient population  at  the  center.  In  Table  -1,  the  reported  trial  activity 
can  he  seen  as  a function  of  “active”  therapists  and  "active”  time 
span.  In  a department  geared  towards  total  r are  of  the  patient  with 
lower  limb  amputation(l'.  of  1.,  Cook  County.  WWRC,  KI.All.  see 
Table  1),  the  therapist  applied  the  device  an  average  of  2.7  times 
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per  month.  II,  on  the  other  hand,  the  therapist  treated  acute  hemi- 
plegic patients,  or  amputees  with  additional  medical  problems 
(Mercy,  RIC,  see  I able  1),  the  actual  number  of  sessions  was  less 
(average  0.9  sessions/therapist/month)  but  the  same  number  of 
patients  used  the  LLM  (refer  to  Table  3). 


1 ABLE  4 Average  LLM  utilization  per  month  during  the  trial. 
Target  group  for  each  facility  is  underlined. 
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Two  of  the  participating  clinics  were  in  children’s  hospitals 
(OCCC,  Harvard).  At  these  particular  physical  therapy  depart- 
ments, the  patients  with  amputation  were  seen  as  out-patients  for 
fittings  and  checks  only,  and  the  LLM  was  used  only  once  or  twice; 
the  occasional  hemiplegic  patients  with  loading  problems  sometimes 
stayed  in  the  hospital  and  were  treated  for  varying  lengths  of  time 
in  the  children’s  centers  (Fig.  4 and  Table  4). 

Effectiveness  of  the  LLM  in  Attaining  Treatment  Goals 

Treatment  Approaches 

. . Among  the  amputees,  the  LLM  was  utilized  during  walking  in 

73  percent  of  the  cases  (instead  of  in  quiet  standing  or  weight- 
shifting).  The  LLM  was  not  utilized  at  a specific  point  in  gait  train- 
ing by  all  therapists;  instead,  its  use  varied  among  therapists.  For 
example,  some  therapists  elected  to  use  the  device  to  control  load- 
ing  with  an  immediate-post-surgical  fitting  while  other  therapists 
used  the  device  for  attainment  of  normal  weight-shifting  or  loading 
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during  walking  with  tin-  del iuitiv c prosthesis. 

I him -live  percent  ol  tin-  hemiplegic  patients  started  use  ol  the 
1-l.M  in  w .ilkin^. 

i ilicni  percent  nl  all  ills-  patients  used  tin-  l.l.M  throughout  the 
ambulation  ti  .lining,  i.c„  lor  standing  an. I weight  -.liil tin^.  followed 
l>\  w. ilkin^. 

I lu-  prclcrrcd  treatment  mode  was  wIktc  tin-  frequem  \ ol 
tin-  signal  increases  with  increasing  load  78  percent  ol  tin-  .mtpu 
t.is  atul  i 1 pnani  ol  the  hemiplegic  s used  this  ino.l.-  in  treatment. 
Hu-  other  patients  used  moth-  "2”,  in  which  frequent  \ ilccrcascs 
with  incrcascil  loading  (Fig.  a). 


A’. wults  oj  J'rcuf nn'n t: 

Ol  the  81  patient  records  collected,  1 percent  (a  patients)  ol  the 
patiint  tee  mils  were  not  complete.  Ol  tin-  remaining  sample,  711 
percent  (t>2  patients)  were  judged  to  improve  with  the  l.l.M  while 
21  percent  ( 1 ti  patients)  did  not  improve.  Criteria  used  to  deter- 
mine improvement  were  based  primarilv  on  the  therapist’s  com- 
ments about  the  ibility  of  the  patient  to  achieve  controlled  or  im- 
plored loading  or  to  learn  the  task  ol  weight  -shift  mg.  lhc  thera- 
pist s comments  were  also  checked  against  a comparison  of  the 
treatment  goal  with  the  recorded  progress  notes.  (Appendix  A) 

Reasons  lor  lack  ol  success  include:  ( i ) equipment  malfunction; 
(ii)  lack  ol  patient  cooperation;  (iii)  inability  of  the  patient  to 
understand  the  meaning  of  the  auditor}  signal.  (This  last  reason 
suggests  that  patients  were  not  selected  according  to  the  outlined 
criteria  review  ol  the  progress  notes  suggests  that  8 percent  (ti  pa- 
tients) ol  the  sample  were  improperly  selected.) 

Among  the  /9  percent  ol  patients  whose  treatment  with  l.l.M 
were  judged  successful,  the  records  from  19  percent  (15  patients) 
indicated  that  the  go;tl  was  achieved,  hut  caused  genu  rccurvalum  or 
pain,  or  there  was  a lack  ol  ’carryover  ol  the  loading  in  the  ab- 
sence of  the  l.l.M. 

A separation  ol  the  results  by  target  groups  yields  some  interest- 
ing findings.  1 he  patients  with  lower-limb  amputation  achieved  the 
goals  in  84  percent  of  the  cases,  with  1 1 percent  of  these  reported 
to  demonstrate  inconsistent  carryover.  Of  the  patients  with  hemi- 
plt  gia,  t>8  percent  responded  well  to  the  weight-bearing  training, 
but  27  percent  (10  patients)  ol  the  group  exhibited  faulty  posture 
or  no  carryover  from  training  (Fig.  (j). 

t. loser  examination  ol  sub-categories  within  each  of  the  two  tar- 
get populations  showed  that  the  statistics  found  for  the  entire 
group  could  also  be  applied  at  this  level:  of  the  17  above-knee 
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stand 


stand 


O -- amputation  Q = hemiplegia 

2 : sound  decreases  with  increased  loading 

3 = sound  increases  _ _ 

? : no  information  about  mode  used 

rKiURK  f>.  Types  of  treatment  approaches  and  modes  used.  ( The  abbreviated  labels  have 
the  following  meanings:  stand  = standing  balance  training;  comb  s combination  of  pos- 
tural and  locomotion  goals;  walk  = gait  training.  2 = Mode  2 in  which  frequency  of  the 
sound  decreases  with  increased  load;  3 = Mode  3 in  which  the  frequency  of  the  sound  in- 
creases with  increased  load.) 
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Q -amputation  E2  1 hemiplegia 


I h.l'KI  li . Kt  l.mvt  m hit  ximont  til  trt.itimnl  goals  anonling  to  the  criteria  outlinol  in 
thv  li  st.  tMranmgs  nl  in mliols  arc  a*  tnHnuv  ♦ ticalnunt  goal;  ' mil  rntitvU  suurw 
lul.  «litl  not  if.»t  h tivattm  nt  goal,  s.i . not  M'lfftftl  affording  to  i titma;  and  ' Wist, 
no  information  about  tfMiltO 

amputees  who  used  the  I.I.M,  812  percent  (II  patients)  did  so  with 
positive  results,  and  of  the  I 7 In-low  knee  amputees  ehosen.  88  per- 
eent  (If)  patients)  re.tehed  the  treatment  j-oals;  10  patients  had 
hil.tteral  amputations  or  hip  disarticulations,  and  70  percent  (7  pa- 
tients) of  these  responded  well  to  the  treatment. 

In  the  hemiplegic  r>rmip,  78  pereent  (lt>  of  212  patients)  of  pa 
tients  with  left  hemiplegia  and  t>7  permit  (8  of  12  patients)  of 
patients  with  rii;ht  hemiplegia  showed  positive  results.  ( The  reeords 
from  three  hemiple^ie  patients  did  not  indicate  treatment  results.) 
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Oiniciant'  Comment*  on  Transfer  of  Information,  Utilization,  and  Effective- 
ness 

The  questionnaires  contained  2f>  questions.  A summary  ol  the 
responses  (ami  the  actual  questions)  is  displayed  in  Appendix  H. 
Some  questions  were  not  answered  by  .ill  therapists;  therelure, 
the  results  are  expressed  as  the  percentage  ol  the  response  to  each 
individual  question. 

Questionnaire  Responses 

A total  number  ol'  3t>  questionnaires  were  received  from  9 cen- 
ters. (for  the  number  of  involved  therapists  at  each  center  icier  to 
fable  3.)  No  forms  were  received  from  San  l’cdro  Peninsula  llos 
pit.il. 

1.  Transfer  of  Information  from  laboratory  to  Clinie 
(questions  I,  2,  3).  lire  instruction  and  treatment 
manual  for  the  I.I.M  was  read  by  til  percent  of  the 
clinicians;  43  percent  of  the  respondents  fell  that  the 
contents  were  clear,  easily  understood,  and  provided 
adequate  material  to  allow  for  operation  of  the  device; 
til  percent  of  the  therapists  were  taught  how  to  oper- 
ate the  device  by  another  clinician,  and  2f>  percent 
taught  themselves;  l-l  percent  had  participated  in  the 
workshop  at  Krusen  Center. 

2.  base  of  Operation  ami  Deviee  Reliability  (questions  9, 
10,  II,  and  111),  highly  -six  percent  of  the  therapists 
stated  that  it  took  less  than  10  minutes  to  calibrate 
the  I.I.M  when  they  were  first  becoming  familiar  with 
the  device  (28  percent  ol  these  clinicians  required  less 
than  5 minutes  to  set  the  device).  After  some  practice 
with  the  procedure,  SI  percent  of  the  sample  reported 
being  able  to  calibrate  the  device  to  the  desired  load  in 
less  th.in  f>  minutes. 

Thirty-nine  percent  of  the  therapists  found  that, 
alter  the  calibration  was  set  to  the  desired  weight,  the 
setting  remained  stable  throughout  the  treatment  time; 
another  39  percent  reported  that  the  calibration 
changed  during  treatment,  and  22  percent  stated  that 
the  patient  had  changed  the  calibration  or  that  they 
never  checked  the  setting. 

When  asked  specifically  about  the  ease  of  opera- 
tion, 48  percent  fell  that  the  device  was  easy  to  oper- 
ate, 4(i  percent  thought  it  should  he  easier  to  manage, 
and  6 percent  lelt  it  was  difficult  to  use  adequately. 


25 


Bulletin  of  Prosthetic*  Research -Spring  1978 


IK  Clinical  I'tility  oj  the  l.l.M  (questions  (i,  IT),  Hi,  17. 
18,  21).  Kilt y •three  percent  of  the  eliniei.ms  stated 
that  their  patients  always  fulfilled  the  seleetion  eri 
teria,  while  4 7 pereent  reported  that  some  of  the  pa- 
tients would  not  initially  correlate  the  tone  with  per- 
formance. However,  once  the  patients  were  selected, 
59  percent  of  the  therapists  found  that  the  patients 
were  aide  to  load  the  liiuh  adequatek  most  ol  the 
time  (22  pereent  of  the  eliniei.ms  stated  the  patients 
were  aide,  consistently,  to  load  the  limb  to  the  cali- 
brated level  all  of  the  time). 

Most  therapists  (‘>1  pereent)  reported  that  the 
patients  appropriately  responded  to  the  l.l.M  during 
the  first  or  second  session.  The  remaining  9 pereent 
stated  that  the  patients  were  able  to  use  the  device 
properly  by  the  third  treatment  session. 

A variety  of  treatment  frequency  schedules  were 
employed.  For  example,  4.4  percent  reported  that 
the  patients  used  the  l.l.M  about  4 times  a week  and 
4(>  percent  reported  that  the  l.l.M  was  used  in  daily 
treatment.  F.lcven  percent  used  the  l.l.M  once  a week 
or  one  time  only.  Although  81  percent  of  the  sample 
used  the  device  only  in  the  clinic,  others  had  the  pa- 
tients utilize  the  device  on  the  ward  or  at  home.  He 
sides  the  therapists,  those  who  learned  to  operate  the 
l.l.M  also  included  physical  therapy  .titles,  students, 
and  patients  themselves  or  their  family  members. 

In  evaluating  for  clinical  utility,  an  important  con- 
sideration is  the  patient’s  acceptance  of  the  device. 
Sixty-one  percent  of  the  clinicians  reported  that  most 
of  the  patients  accepted  the  l.l.M  as  part  of  the  treat- 
ment program,  and  40  percent  stated  that  all  of  the 
selected  patients  accepted  the  l.l.M. 

4.  Af>i>licability  of  the  Ll.M  (questions  19,  20,  22). 
Although  the  therapists  participating  in  this  field  study 
had  been  asked  to  record  use  of  the  I.IAl  with  certain 
specific  patient  categories,  they  had  also  been  told  to 
feel  free  to  use  the  device  on  any  other  patient  who 
seemed  likely  to  benefit  from  this  kind  of  patient  ap- 
proach. Of  the  patients  selected  to  use  the  l.l.M,  the 
patients  with  lower-limb  amputation  were  most  likely 
to  be  selected  to  use  the  device  (50  percent)  followed 
by  patients  with  hemiplegia  (39  percent)  and  the 
“other"  category  ( 1 1 pereent)  which  included  mostly 
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orthopedic  patients. 

When  asked  if  they  used  the  device  with  more 
than  one  category  of  patients,  21  therapists  (58  per- 
cent) answered  that  the  question  was  not  applicable 
to  them.  Ol  those  therapists  who  considered  it  ap- 
plicable, the  majority  (tit)  percent)  stated  that  it  was 
most  useful  for  the  amputee  category  while  27  per- 
cent fell  that  the  device  was  useful  lor  a variety  of 
patients. 

When  asked  to  estimate  the  percentage  of  the 
total  patient  population  considered  to  he  1.1. M candi- 
dates, the  clinicians'  responses  were  as  follows:  .‘18  per- 
cent fell  that  it  was  applicable  to  less  than  10  percent 
ol  the  population,  114  percent  felt  that  it  was  appli- 
cable to  10-25  percent  of  the  patient  population,  12 
percent  felt  that  the  l.l.M  could  be  applied  to  25-50 
percent,  and  lli  percent  of  the  sample  felt  the  device 
would  be  applicable  for  more  than  half  of  the  patient 
population. 

5.  Device  Maintenance  and  Suggested  Changes  (questions 
7,  8,  12,  28,  24).  The  majority  of  the  clinicians  re- 
ported that  a working  control  box  ((if)  percent)  anil  an 
appropriate  insole  (5(i  percent)  were  available  when 
needed  for  a patient. 

When  asked  to  comment  specifically  on  any  tech- 
nical changes  that  would  enhance  the  l.l.M,  1 1 percent 
ol  the  sample  were  completely  satisfied  with  the  de- 
vice. The  remaining  people  suggested  changes  in  the 
following  factors: 

Auditory  signal  (28  percent); 

Insole  cable  (1  1 percent); 

Weight  of  the  unit  ( I 7 percent); 

Si/.c  of  the  control  box  ( 1 8 percent); 

Position  and/or  shape  of  the  hi  x (18  percent); 

and 

Texture  of  the  box  (ti  percent). 

Fifty -one  percent  of  the  clinicians  would  suggest 
purchasing  the  l.l.M  for  use  in  a physical  therapy  de- 
partment; 23  percent  would  purchase  the  device  de- 
pending on  the  patient  load  or  if  certain  changes  were 
implemented  (Fig.  7)  and  28  percent  would  probably 
not  recommend  purchasing  the  l.l.M.  ( This  last  group 
did  not  comment  any  further  regarding  why  they 
would  not  purchase  the  device.) 
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FUJURfc  7.  Number  of  responses  to  the  questions  regarding  ease  of  operation,  reliability, 
use  of  device  in  achieving  treatment  goals,  and  patient  acceptance.  The  therapists  were 
asked  to  use  a scale  from  1 to  7,  with  7 being  the  highest  score. 

In  the  last  question,  the  clinicians  were  asked  to 
rate  ease  of  operation,  reliability,  use  of  device  in 
achieving  treatment  goals  and  patient  acceptance  on  a 
scale  from  1-7,7  being  the  highest  score. 

Ease  of  operation  was  rated  with  a mean  score 
of  4.7  (Modes  = 5,6). 

Reliability  received  a mean  score  of  4.5  (Mode 
= 5). 

Utility  of  the  LLM  as  an  aid  to  treatment  goals 
was  ranked  with  a mean  score  of  5.1  (Mode  = 5); 
and 

Patient  acceptance  received  a mean  score  of 
5.3  (Modes  = 5,6) 

See  Figure  7. 
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with.  Ihirtccn  percent  were  concerned  with  the  t|ual- 
ity  the  feedback  sound  which  many  found  irritating 
or  distracting  for  other  patients  in  the  clinic.  Other 
comments  dealt  with  the  type  and  placement  of  the 
controls,  weight  of  the  box,  sensitivity  of  the  setting 
and  price  of  the  unit.  The  various  suggestions  about 
the  LLM  are  listed  in  Figure  8. 

More  insole  sizes 


I.ess  irritating  sound  

Controls  more  accessible  

Smaller  or  lighter  box  

Better  accuracy  at  low  settings  

Calibration  in  advance,  with  readout  or  notches  

Lower  price  

Attachment  of  sole  under  shoe  

Sturdier  or  more  flexible  wire  

More  secure  clip  

Fewer  knob  turns  

More  durable  box  

Less  slippery  box  

Controls  more  clearly  named  

— i i i i i i i i 

2 4 6 8 

number  of  comments 

Figure  8.  Suggestions  for  improving  the  design  of  the  I.LM  as  listed  by  therapists  at 
the  end  of  the  trial,  (l.ength  of  dash  is  proportional  to  number  of  times  each  item  on  this 
list  was  suggested.) 

Comparison  with  Questionnaire  Responses  from  Another  Group 

The  LLM  has  been  available  for  sale  at  Kruscn  Research  Center 
for  two  years,  and  has  been  purchased  by  nine  hospitals.  Those 
hospitals  had  used  the  LLM  for  various  amounts  of  time,  and 
without  any  special  introduction  or  structure.  Therapists  at  those 
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hospitals  were  surveyed  by  mail,  using  the  same  questionnaire 
that  was  used  for  therapists  participating  in  the  field  study. 

Results  from  that  mail  survey  are  remarkably  similar  to  those 
obtained  from  the  field  study  (10).  1'here  were  some  notable  differ- 
ences, however.  For  example,  the  mail-surveyed  therapists  offered 
fewer  free  continents  and  suggestions,  and  seemed  to  be  more  sat- 
isfied  with  the  device  as  it  was,  than  the  lield  trial  participants. 
For  example,  in  Question  12,  which  dealt  with  technical  features, 
21  percent  of  the  mail-surveyed  therapists  versus  1 1 percent  of  the 
lield  trial  therapists  were  satisfied  with  the  device,  and  in  Question 
13,  which  asked  about  the  ease  ol  operation,  69  percent  of  the 
surveyed  clinicians  felt  it  was  easy,  versus  49  percent  of  the  trial 
therapists. 

Another  difference  is  seen  in  the  questions  that  dealt  with  the 
type  of  patients  who  used  the  device.  The  field  trial  participants’ 
instructions  had  emphasized  selection  of  amputees  or  hemiplegics, 
and  still  they  used  the  L1.M  lor  “other”  diagnoses  in  1 1 percent  ol 
the  answers.  The  surveyed  therapists  had  used  the  device  in  a wider 
variety  ol  patients  and  their  “other”  category  occupied  49  percent 
in  the  answers.  When  asked  about  the  group  of  patients  for  whom 
the  device  might  be  most  beneficial,  the  majority  of  each  group 
mentioned  the  amputees  (66  percent  and  57  percent)  but  a consid- 
erably higher  number  of  mail-surveyed  therapists  mentioned  “hemi- 
plegics” and  “other”  categories  than  did  field-trial  clinicians.  A 
summary  ol  the  responses  to  the  questionnaires  is  presented  in 
Appendix  B. 


DISCUSSION 

A review  of  all  the  results  suggests  that  the  transfer  of  material 
Irom  the  laboratory  to  the  clinic  was  done  successfully  and,  there- 
fore, that  the  transfer  procedure  was  adequate.  In  addition,  the 
results  suggest  that  the  I.LM  is  a clinically  usclul  tool.  The  majority 
of  therapists  became  comfortable  with  the  device,  used  it  with  any 
patient  they  tell  to  be  appropriate,  and  were  familiar  enough  with 
the  concepts  to  express  a multitude  of  suggestions  and  feelings 
about  this  treatment  approach.  The  comparison  of  this  sample  size 
(81  patients)  to  the  sample  size  of  other  field  trials  which  were 
similarly  designed  to  assess  efficacy  ol  a clinical  device,  is  an  indi- 
cation of  this  study’s  validity  (8).  Furthermore,  the  high  percentage 
of  success  in  achieving  goals  with  this  patient  sample  (79  percent) 
coupled  with  the  clinicians’  positive  comments  on  the  clinical  util- 
ity, support  the  premise  that  the  I.LM  is,  indeed,  a useful  clinical 
tool. 
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As  stated  earlier  (under  Methods),  this  study  was  a demonstra- 
tion designed  to  show  that  the  limb-load  monitor  could  be  used 
clinically  to  assist  in  achieving  treatment  goals.  A clinical  evaluation 
of  this  open-ended  type  should  not  be  construed  as  a scientific 
experimental  investigation,  for  reasons  that  have  been  outlined  by 
previous  investigators  (11).  For  example,  a major  source  of  error 
consists  of  the  numerous  uncontrolled  variables  which  include  lack 
of  a control  group,  lack  of  a truly  random  sample,  and  lack  of  inter- 
rater reliability.  Such  sources  of  error  may  be  to  some  extent  un- 
avoidable characteristics  of  a study  such  as  this.  But  there  were 
other  types  of  problems  which  seem  to  have  been  built  into  the 
process  as  a result  of  the  clinical  study  design  that  was  used.  These 
should  be  given  consideration  at  this  point,  because  it  may  be  com- 
pletely possible  to  mitigate  or  eliminate  them  in  future  clinical  trials. 

For  example:  it  was  difficult  to  establish  guidelines  regarding 
how  much  clinical  time  and  effort  should  be  specified  for  the  device 
assessment  project  in  place  of,  or  in  addition  to,  the  usual  staff 
responsibilities,  and  for  this  reason  the  actual  time  that  each  thera- 
pist did  spend  with  the  device  became  a point  of  investigation  in 
this  study.  As  indicated  by  the  therapists,  following  the  initial  peri- 
od ot  learning  to  operate  the  device  and  becoming  familiar  with  the 
evaluation  forms,  they  were  able  to  carry  on  their  routine  treatment 
procedures  very  much  in  the  usual  fashion  but  with  an  added  treat- 
ment tool  at  their  disposal.  Therefore,  it  would  be  useful  to  develop 
a mechanism  to  deal  more  efficiently  with  the  “introductory  peri- 
od” of  new  devices  in  the  future. 

Another  consideration  in  this  type  of  demonstration  project  is 
whether  the  clinical  staff  has  appropriate  support  throughout  the 
trial  period.  From  the  reported  results,  it  may  be  concluded  that 
the  Rehabilitation  F.ngineering  Center  staff  and  the  appointed  coor- 
dinators adequately  transferred  appropriate  materials  and  informa- 
tion. I heir  task  involved  ensuring  that  all  materials  and  equipment 
were  available,  that  the  clinic  selected  had  an  adequate  patient  load, 
and  that  the  therapists  were  properly  trained  in  the  use  of  the  de- 
vice. Despite  this  effort,  there  were  therapists  who  “taught  them- 
selves” to  use  the  LLM  rather  than  being  taught  formally  or  having 
access  to  the  manual. 

Material  or  equipment  breakdowns  that  occurred  during  this 
period  were  handled  within  a few  weeks  through  repairs  or  replace- 
ments. Accordingly,  malfunction  was  not  reported  to  interfere  with 
the  number  of  patients  selected  in  any  instance. 

Another  very  important  consideration  is  whether  the  clinical 
staff  consistently  and  accurately  completed  the  data  sheets  required 
for  each  patient  who  used  the  device  (Appendix  A:  1,2).  Although 
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teaching  skills  or  advice  were  available  to  the  staff,  it  became  obvi- 
ous during  the  trial  that  some  prospective  I.I.M  candidates  were  not 
being  included  or  not  recorded,  especially  during  the  first  months 
of  the  trial.  Inadequate  record-keeping  was  confirmed  at  periodic 
informal  meetings,  where  various  staff  members  from  different 
facilities  reported  similar  clinical  trial  experiences. 

In  summary,  it  was  felt  that,  with  a very  busy  patient  schedule, 
it  is  difficult  for  clinical  staff  members  to  take  the  initial  extra  time 
(from  patient  treatment  time)  to  “practice"  with  any  new  device, 
particularly  when  (as  in  the  case  of  the  I.I.M)  this  also  required 
additional  “paper  work."  The  result  was  that,  during  the  initial 
practice  period  with  the  device,  the  forms  were  neglected  or  dis- 
carded because  the  evaluation  procedure  seemed  cumbersome  or 
because  the  forms  were  incorrectly  completed. 

Nead  for  Workthop-Typa  Pre-Trial  Training  Confirmed 

It  seems  evident  that  most,  if  not  all,  of  these  obstacles  could  be 
overcome  by  direct  teaching  in  the  form  of  a workshop  with  the 
physical  therapy  staff  before  a clinical  trial  begins.  In  addition,  this 
information  points  to  the  need  lor  thorough  staff  introduction  to 
any  new  device  added  to  the  present  treatment  arsenal— this 
becomes  increasingly  important  when  the  correct  use  of  a device 
requires  the  understanding  of  recently  acquired  knowledge  and 
concepts. 

The  time  span,  and  number  of  therapists  involved,  varied  consid- 
erably among  the  clinics.  Since  no  specific  number  of  patients  was 
expected  or  suggested  to  the  clinicians,  the  patients  selected  can  be 
seen  as  a pseudo-randomly  selected  cross-section  of  patients  with 
hemiplegia  or  lower-limb  amputations,  with  remarkably  even  dis- 
tribution between  the  two  target  groups  and  the  various  sub-group 
diagnostic  categories.  This  is  particularly  true  with  the  amputee  sub- 
groups. Among  the  hemiplegic  sub-groups,  (>0  percent  had  left -sided 
involvement  and  only  39  percent  were  right-hemiplegics:  however, 
it  would  be  expected  that  the  patients  with  left-hemiplegia  (who 
have  a higher  incidence  of  perceptual  problems)  might  also  have  a 
higher  incidence  of  weight-hearing  problems  (7,12). 

There  are  large  differences  among  the  various  clinics  in  the  rela- 
tive use  of  the  l,LM  (percent  of  population)  as  well  as  the  number 
of  I.I.M  sessions  per  patient.  This  may  reflect  the  type  of  facility 
(Table  1)  and  thus  may  correspond  to  the  goal  of  therapy  as  well  as 
to  the  patient  eategory  utilized.  I'his  premise  is  supported  by  an 
examination  of  results  in  relation  to  the  type  of  facility:  for  exam- 
ple, the  two  departments  with  the  highest  relative  number  of  ampu- 
tees selected  (U.  of  1.,  Cook  County)  arc  similar  in  type,  each 
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with  a program  ol  acute  care  as  well  as  a total  rehabilitation  pro- 
gram lor  the  amputees.  Compared  to  the  other  facilities,  the 
number  ol  treatment  sessions  is  moderate  to  large,  which  reflects 
the  total  care  treatment  approach. 

At  HWRC  patients  are  admitted  primarily  for  vocational  rather 
than  physical  rehabilitative  goals.  Here,  again,  the  large  number  of 
treatment  sessions  administered  is  consistent  with  the  long-term- 
care  type  of  facility. 

1 he  low  relative  use  of  the  LLM  at  RLA11  may  he  correlated  to 
the  lad  that  this  facility  specializes  in  treating  the  “problem” 
patients  with  amputation;  i.e.,  those  with  secondary  complications, 
a titling  problem,  etc. 

1 he  relative  use  ol  the  LLM  was  equivalent  at  the  two  children’s 
hospitals  (Harvard-M.l.T.  and  OCCC)  i.e.,  29  percent  and  30  per- 
cent ol  the  total  amputee  population,  respectively.  The  number  of 
LLM  sessions  at  these  two  facilities  was  never  more  than  two  per 
patient.  Perhaps  these  results  reflect  the  fact  that  the  children  with 
amputations  were  seen  as  outpatients  for  fitting  of  the  prosthesis 
anti  were  not  reported  to  be  as  hesitant  about  loading  their  limb  as 
many  elderly  patients. 

1 he  relative  use  ol  the  LLM  for  hemiplegia  patients  is  also  fairly 
even  between  centers.  Except  for  the  facilities  with  non-acute  pa- 
tients (WYVRC  and  OCCC),  the  number  ol  sessions  tends  to  be  lower 
than  that  ol  the  amputee  target  group.  This  is  explained  by  many 
therapists  as  due  to  the  fact  that,  in  the  case  of  acute  stroke  pa- 
tients (and  in  contrast  to  the  patient  with  an  amputation)  there  are 
many  Aspects  other  than  weightbearing  and  posture  that  have  a 
higher  treatment  priority  (Fig.  3 and  4). 

1 he  number  ol  patients  selected  to  use  the  device  as  compared 
with  the  number  of  possible  patients  in  each  target  group  was  cal- 
culated to  be  rather  low;  i.e.,  one  new  LLM  candidate  would  be 
selected  by  each  stall  therapist  every  month.  The  clinical  reality 
is  naturally  different,  since  the  bulk  ol  the  selected  patients  in  this 
study  were  treated  by  a few  appointed  therapists  who  carried  the 
desired  patient  load  and  assumed  responsibility  for  the  study  activi- 
ties. The  average  number  of  sessions  at  which  each  therapist  used 
the  LLM  varied  according  to  type  of  clinic  ( Table  4),  but  for  the 
number  of  patients  per  therapist  selected,  the  average  was  very 
similar  among  departments  and  actually  coincided  with  the  result 
of  an  earlier  clinical  trial  done  with  a prototype  of  the  LLM  (13). 
In  Figure  9,  the  distribution  of  patient  work  over  the  trial  period 
is  displayed  along  with  the  number  of  clinics  involved  each  month. 

For  accurate  prediction  of  the  expected  use  of  the  LLM  in  any 
type  of  clinic,  consideration  must  be  given  both  to  the  size  of  the 
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a'ui  thc  ,u'«ct  Population.  In  counting  population,  in  addi- 

W,,h  TPU,,alion  °r  hcmiPk»«.  orthopedic  patients 
prescribed  control  of  loading  were  suggested  by  the  therapists 
i<>  be  a population  which  would  benefit  from  l.LM  treatment  (see 
Results  and  Appendix  B).  This  is  supported  by  the  results  of  our 

Ik  r cluneal  tnaJs  m wh,ch  Patients  with  limb  fractures  and  total 

jomt  replacements  were  reported  to  benefit  from  use  of  the  LI  M 
(».  Id). 

It  is  not  uncommon  to  find  physical  therapy  departments  with 
standard  pieces  of  equipment  about  which  no  one  knows  the  fre- 
quency ol  use.  or  the  device’s  subjective  or  objective  value  to  treat- 
ment. future  studies  should  attempt  to  assess  the  relative  use  of 
any  new  device  with  various  patient  categories.  This  type  of  infor- 
mation would  aid  the  clinician’s  decision  of  whether  or  not  a device 
couh  be  useful  to  the  particular  patient  population  seen  in  that 
acilitv.  I mil  such  studies  are  conducted,  the  clinician  is  forced 
to  continue  to  select  equipment  based  on  tradition  and  intuition. 

Not  ail  patients  selected  lor  l.LM  training  could  benefit  from 
this  approach  to  weight-hearing  training.  The  highest  percentage 
ol  positive  results  was  achieved  among  the  amputee  patients,  which 
m.ght  be  expected  in  view  of  the  fact  that  proper  weigh  ( hearing  on 
the  prosthesis  is  a major  goal  in  itself  within  the  rehabilitation  pro- 
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gram  for  this  patient  group.  When  the  goal  of  weight  hearing  was 
not  achieved,  that  could  be  related  to  problems  such  as  delayed 
wound  healing  or  improper  fitting  of  the  prosthesis.  In  this  situ- 
ation, the  l.l.M  could  serve  as  a tool  lor  monitoring  and  evaluation 
of  loading  performance  as  such,  another  function  that  the  device 
often  served  during  the  continued  rehabilitation  of  a patient  who 
had  concluded  the  actual  feedback  training  period. 

For  the  hemiplegia  population,  the  result  achieved  in  terms  of 
weight-bearing  or  weight-shifting  was  more  often  insignificant  or 
temporary,  because  of  the  number  and  complexity  of  therapeutic 
problems  encountered  in  patients  with  brain  damage,  especially  dur- 
ing the  early  phase  of  rehabilitation.  It  seems  likely,  however,  that 
problems  such  as  faulty  posture  or  lack  of  knee  control,  could  be 
approached  in  conjunction  with  LLM  use,  or  that  specific  weight- 
shilling  training  could  be  instituted  at  a later  date  when  the  patient 
had  developed  improved  body  image  and  motor  control.  A few  trial 
sessions  and  monitoring  with  the  LLM  could  also  serve  as  an  indica- 
tion ol  whether  increased  weight-bearing  is  at  all  possible  to  achieve 
m some  cases.  Many  of  the  clinicians'  comments  and  suggestions 
in  this  area  may  serve  as  a basis  for  further  studies,  and  for  teaching 
and  introduction  ol  feedback  therapy  with  the  LLM. 

When  a comparison  was  made  between  the  field  trial  question- 
naire answers  and  the  same  questions  used  in  a hospital  mail  survey, 
the  answers  dealing  with  treatment  instructions  and  patient  use 
were  very  similar  between  the  groups,  but  the  opinions  about  gen- 
eral usefulness  varied  somewhat  (Appendix  B).  The  response  rate 
to  the  mail  survey  was  high  (64  percent)  but  it  is  very  likely  that 
the  clinics  which  responded  were  the  ones  which  had  actively  used 
the  LLM  the  most,  had  investigated  its  possibilities  and,  therefore, 
approached  the  structured  situation  established  for  the  formal  trial 
sites.  In  comparison,  the  therapists  who  participated  in  the  formal 
trial  were  forced  to  use  the  device  with  specific  patient  types,  re- 
quired to  fill  in  forms,  and  constantly  had  to  comment  on  the  de- 
vice utility.  And,  yet,  if  one  considers  that  36  percent  of  the  mail- 
surveyed  therapists  did  not  even  respond,  the  results  of  the  formal 
trial  are  more  positive  than  the  results  from  the  mail-surveyed 
therapists.  Perhaps  this  is  additional  support  for  the  need  to  have 
some  type  ol  workshop  where  clinicians  can  become  familiar  with 
the  device  operation. 

CONCLUSION 

Based  on  records  of  81  patients  who  used  the  LLM,  and  on  ques- 
tionnaire answers  and  comments  from  clinicians,  the  following  can 
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he  concluded: 

1.  I he  I.LM  can  he  operated  easily  after  a minimum  of  training. 
It  does  not  break  down  with  extended  clinical  use  when 
handled  properly. 

2.  1 he  l.LM  manual  provides  sufficient  information  for  proper 
operation  and  clinical  use  of  the  device. 

3.  The  number  of  patients  in  a clinic  who  can  benefit  from  I.LM 
training  can  he  predicted,  if  consideration  is  given  to  the  type 
ol  facility  and  the  si/.e  of  the  patient  population  and  physical 
therapy  staff. 

4.  The  largest  diagnostic  group  of  patients  who  can  benefit  from 

I.LM  therapy  are  lower-limb  amputees,  followed  by  hemi- 
plegic and  orthopedic  patients. 

5.  The  general  selection  criteria  outlined  initially  proved  suffi- 
cient. A patient  who  is  selected  properly  can  be  expected  to 
respond  to  the  feedback  signal  (i.c.,  make  a weight-bearing 
adjustment)  within  the  first  or  second  session. 

RECOMMENDATIONS 

1 . The  I.LM  as  a device:  If  possible,  the  type  of  sound  should  be 
less  irritating,  the  controls  should  be  more  accessible  or  of 
different  design,  and  the  calibration  should  he  more  accurate 
at  low  settings. 

2.  Information:  For  immediate  and  optimal  use  of  the  device, 
direct  teaching  in  the  form  of  clinical  workshops  or  a cassette 
slide  show  should  he  available  to  purchasers. 

3.  Further  studies  should  be  initiated  regarding  the  quantity  and 
quality  ol  use  (in  general)  of  clinical  equipment  and  proce- 
dures. 

4.  There  are  several  other  commercially  available  devices  de- 
signed to  indicate  loading  level  to  the  patient.  A study  should 
be  conducted  to  assess  the  validity  of,  and  compare  the  util- 
ity of,  these  devices. 

5.  The  clinicians  selected  to  participate  in  a clinical  evaluation 
study  should  be  thoroughly  aware  of  the  purpose  of  the  proj- 
ect. The  procedures  expected  of  the  clinical  staff  involved 
should  be  outlined.  Sites  should  be  geographically  close  to 
the  original  center  to  ensure  maximal  support  to  the  staff. 
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APPENDIX  A 


Appendix  A.- I KRUSIN  CENTER  FOR  RFSFARC1I  X ENGINKFKINC 

UN 

PAT1KNT  EVALUAT I ON 


1.  .Criteria  lor  part  tcip.it  ion.  All  seven  should  ho  positive: 


la  Hemiplegia  Q 

lb  Amput  .it  Ion  O 

2 Adequate  Hearing 

3 Comprehension  U 

A Has  no  prevent  I v.  condition  (Heart-lain*.  Amp./Hemlpl. . otl.er  Heuc.l 


5 Asvmraelvy  In  xi»\V(nt  or  stand  In*  [5 

6 Can  ait  without  anv  support  1 min.  Q 

7 Can  stand  with  assistive  device  \ mi,,.  Q 


II.  Special  patient  ini ormat ion : 


Code 

Side  oi  Involvement 

Oiihoi  Hate 

P.T.  Discharge  Date 


Complications  during  hospital  stay 

Ag« 

Therapy  Coal  _ 


Primary  Diagnosis 

Orthosis  or  Prosthesis  Type': 

P.T.  Admission  Date 

Outpatx  Therapy  time:  (From  To) 


Body  weight 


Height 


Date : 

II  I . Symmet  t y Kyaluat ion: 

Wa  1 king 
I#  Assistive  Device 

parallel  bars  or  walker  fU 

q-cane  or  crutches  j.3 

straight  cane  [) 

nothing  [j 


Average  Loading  (Nom»:100X) 
leas  than  70X  of  bw  fU 

70X  - 85X  U 

•ore  than  85X  □ 

Velocity  (Norm: Im/sec) 
less  than  0. j m/sec  n 

0.3  - 0.7  m/aee  JJ 

•ore  than  0.7  Ware  [J 

Single  support  time  (Norm: IS*  oi 
extremely  uneven  gait 
less  than  10X  of  stride  (3 
uneven  gait, 

10X  - 2bX  of  stride 
almost  normal 
•ore  than  2SX 


First /Second  (evaluation 


4. 


n 

□ 


8.  Endurance  Walking 
only  tew  steps 


Standing 

5. 

Assistive  Device 

person 

□ 

parallel  bars  or  walker 

p 

q-cane  or  crutches 

1 1 

cane 

D 

nothing 

□ 

6. 

Comfortable  straight  loading  a 

loading  in  lbs:  (Norm: 

41- 

less  than  .70X  of  bw 

L1 

30t  - 43X 

l 1 

4 IX  - 37X  * even 

□ 

•ore  than  57X 

U 

7. 

Maximal  loading  on  inv,  leg 

, w 

loading  in  lhs. 

less  than  40X 

□ 

stride) 

4 OX  - bOX 

IJ 

60X  - BOX 

□ 

wove  than  BOX 

□ 

D 


Shmil  1(K)  ft.  or  fimriion.il  Indoors Q 


loss  tlmn  I Mock  ontstdo  Q 
"Hiro  Ilian  1 hlork  ontstdo  l) 
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appendix  A:  2 


KRUSRN  RESEARCH  CENTER 
L1K 

DAll.YTREATMNT  R F.CORD 


NAME 

DIAGNOSIS 

1NSOI.E  SIZE 

Target  Function 
Chock  One 

Treatment  Approach 

Check  One 

Node  Selection 
Check  One 

Treatment  Goal 

Inauff.  loading 
during  walking- • • 

•D 

» 2 

Increaaed  loading 

Inauff.  loading 
during  atandlng-- 

Other 

Prolonged 

y. 

—L  □ 

Pull  loading 

Waight  ahift 

load . . □ 

window 

Syamset  t leal 

Weight  ahift 

optimal  load 

□ 

■ O 

PROCRESS  RECORD : 
Date  Time  Uaed 


Weight 

Callb. : 


Aaalative  Device 


Change*  4 Coaarnt* 
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APPENDIX  B 

A total  of  !i(>  clinicians  responded  to  the  questionnaire  from  the 
clinical  trial  study  group  anti  40  clinicians  responded  to  the  ques- 
tionnaire from  the  mail  survey  group.  The  percentage  of  each 
sample  who  responded  to  a specific  question  is  listed  to  the  right  of 
that  question  in  the  presentation  of  the  questions  and  responses 
which  follows. 


KRIISKN  RESEARCH  CKNTKK 
Physical  Therapist's  Evaluation  of  I hel.JJi 

Tills  form  has  been  designed  to  learn  your  opinion  of  the 
I.IJt  as  a treatment  tool.  l.l.M  utility  is  based  on  its  ease  of 
operation,  reliability,  and  its  usefulness  in  helpinR  achieve 
t re.itmont  Ron  Is.  Please  be  honest  with  your  remarks  reRardiuR 
the  l.l.M  and  don't  spare  our  feelinRS.  Your  input  will  be  instru- 
mental in  helping  us  specify  the  utility  of  this  device. 
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F Ion  so  clrclo  one  .inswor  to  each  quest  ion 
unless  othervlse  specified: 

1.  What  did  you  think  of  the  quantity  of 
material  contained  In  the  instruction  and 
treatment  manual? 


St  uih'  Croup  Surveyed  t-roiip 


a.  1 never  saw  the  manual. 

h.  I never  read  the  manual  . 

c.  The  manual  provided  adequate  materi- 
al to  allow  me  to  operate  the  l.LM. 

d.  The  manual  provided  too  little  mater- 
ial to  allow  me  to  understand  the 
operation  of  the  I.LM. 

e.  The  manual  provided  much  more 
material  than  was  necessary  to 
understand  the  operation  of  the  I.IH. 

2.  How  was  the  clarity  of  the  instruction 
in  the  treatment  manual? 

a.  I never  saw  the  manual. 

b.  I never  read  the  manual. 

c.  The  material  had  to  be  read 
several  times  before  it  could  he 
clearly  understood. 

d.  The  material  had  to  be  read 
once  and  was  easily  understood. 

e.  No  matter  how  often  1 read  the  manual, 
l couldn't  understand  some  of  it. 

3.  How  did  you  learn  to  operate  the  I.I.M? 

a.  1 taught  myself. 


b.  Another  therapist  demonstrated  its 
operation  and  application. 

c.  A doctor  showed  me  how  to  operate  it. 


d.  Other  (specify): 
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! 


I 


I 


••  Z attended  the  workshop  in 
Philadelphia. 

f.  The  Krusen  people  taught  me 
during  a visit  here. 

4.  What  did  you  think  of  the  quantity  of 
•valuation  items  that  had  to  he 
completed  for  each  patient? 


St-l*dv  .Croup  Surveyed  Croup 

U .25 

3 0 


a.  Too  long. 

b.  Too  short. 

c.  Adequate. 

d.  I never  used  the  evaluation  forms. 

5.  What  did  you  think  of  the  quality  of 
the  patient  evaluation  forms? 

a.  Very  subjective. 

b.  Somewhat  subjective. 

c.  Somewhat  objective. 

d.  Very  objective. 

5.  Did  the  patients  selected  relate  the 
ludltory  signal  to  performance? 

a.  Never. 

b.  Always. 

c.  Sometimes. 

f.  Was  an  Insole  (transducer)  available  in 
.he  appropriate  size  when  needed  for  a patient? 

a.  Never. 


31 

8 

53 

8 


6 

24 

4b 

24 


0 

53 

47 


0 


N.  A. 


N.  A. 


N.  A. 


3 

47 

SO 


5 


b.  Always. 


56  63 
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C.  Sometimes. 

8.  Was  a working  control  box  available  when 
needed  for  a patient? 

a.  Never. 

b.  Always. 

C.  Somet  lines. 

9.  When  you  were  first  learning  to  use 
the  Mil,  how  much  time  did  It  take  to 
calibrate  the  device? 

a.  Limited  time  (less  than  5 minutes) 
with  minimal  loading  and  unloading 
of  the  patient's  designated  limb. 

b.  Required  at  least  5 to  10  minutes 
of  continuous  loading  and  unload- 
ing of  the  patient's  limb. 

c.  Required  more  than  10  minutes  and 
patient  had  to  rest  before  calibra- 
tion was  complete. 

10.  After  you  practiced  calibration  pro- 
cedures, how  much  time  did  it  take  to 
calibrate  the  device? 

a.  Limited  time  (less  than  5 minutes) 
with  minimal  loading  and  unloading 
of  the  patient's  designated  limb. 

b.  Required  at  least  5 to  10  minutes 
of  continuous  loading  and  unload- 
ing of  the  patient's  limb. 

c.  Required  more  than  10  minutes 
or  more  and  patient  had  to  rest 
before  calibration  was  complete. 


Stud v Croup  Surveyed  Croup 
44  32 


0 

b9 


8 


57 

35 


28  3b 


58  51 


14  13 


81  7b 


19  19 

0 5 
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11.  How  was  the  stability  of  calibration 
during  one  treatment  session? 

a.  Unstable  - patient  changed 
calibration. 


Study  Group  Surveyed  Group 


8 3 


b.  Unstable  - reason  unknown 


39  34 


c.  Stable  - stayed  at  the  same 
weight  during  session 


39  45 


d.  Never  checked 


14  18 


12.  Would  a change  of  any  of  the  following 
factors  enhance  acceptance  of  the  device? 
(Circle  as  many  as  are  applicable): 


a. 

Color 

f. 

Sound 

b. 

Texture 

R* 

Odor 

c. 

Size 

h. 

Position  of 

d. 

Cable  (wire) 

1. 

Shape 

e. 

Weight 

J. 

No  changes 

Study 

Survey 

Study 

Survey 

a. 

0 

0 

f . 

28 

34 

b. 

5.5 

0 

8- 

2 

- 

c. 

13 

6 

h. 

5.5 

13 

d. 

11 

24 

1 . 

7 

3 

e. 

17 

18 

j- 

11 

21 

13.  Regarding  ease  of  operation,  do  you 
feel  that  the  LLM 


a.  Operates  adequately  with  ease. 

b.  Should  be  easier  to  operate. 

c.  Is  extremely  difficult  to 
use  adequately. 

d.  Is  Impossible  to  use  adequately. 


69 

26 

2.5 

2.5 
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14. 

as 

Did  the  patients  accept  the  LLM 
pert  of  the  treatment  program? 

Study  Group  Surveyed  Group 

a. 

All. 

30.5 

35 

b. 

Nobody . 

5.5 

0 

c. 

Most  of  them  did. 

61 

60 

d. 

Only  a few  did. 

3 

5 

15. 

us« 

On 

the 

the  average,  when  selected  to 

LIU,  did  the  patient 

a. 

Use  the  device  in  daily 
treatment. 

46 

46 

b. 

Use  the  LLM  about  three  times 
per  week  in  treatment. 

43 

43 

c. 

Ua*  the  device  about  once  per 
vaak  in  treatment. 

11 

11 

16.  In 
the  LLM 

answers 

Addition  to  yourself,  who  else  applied 
to  your  patients  (circle  as  many 
as  appropriate)? 

a. 

ramtly  member  f.  P.T. 

Study 

a.  5 

Survey 

5 

Study  Survey 

f . 46  54 

b. 

r.t.  hide  O.T. 

b.  14 

26 

0 

5 

c. 

h.  Phyalclan 

c.  19 

15 

h.  0 

5 

d. 

Orderly  1.  Other  (specify) 

d.  0 

5 

1.  16 

21 

a. 

Nurse 

«.  0 

8 
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17.  On  Che  average,  was  the  LLM  used  (circle 
as  many  as  are  appropriate): 

a.  Only  in  the  clinic. 

b.  In  the  clinic  and  on  the  wards. 

c.  Only  on  the  wards. 

d.  "Day  room"  or  lounge. 

e.  Going  to  meals. 


f.  Outdoors. 


g.  Indoors. 

h.  Other  (specify): 

18.  Did  patients  selected  consistently  load 
their  limb  to  the  desired  level? 

a.  Most  patients  - most  of  the  time. 

b.  Some  patients  - all  of  the  time. 

c.  All  patients  - all  of  the  time. 

d.  Most  patients  - none  of  the  time. 

e.  Other  (specify): 

19.  With  what  categories  of  patients  did  you 
use  the  LLM? 

a.  Amputees  (lower  limb). 

b.  Patients  with  hemiplegia. 

c.  Other  (specify): 

20.  If  you  used  the  device  with  more  than  one 
category  of  patient,  was  the  LLM  more  useful 
for  one  group? 

a.  Yes  - amputees. 


roup  Surveyed  Group 
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b.  Tm  - lMalplt|li. 

c.  Tea  - othar  (specify): 

d.  No. 

21.  Ia  (aoaral,  how  lone  did  It  taka  the 
oaual  patient  to  raapond  to  the  LLH? 


Study  Croup  Surveyed  Croup 
7 24  24 

0 19 

27  N.A. 


a.  During  tha  first  or  second 


eniion< 


b.  Not  until  the  third  saasion. 

c.  It  took  aore  than  one  weak  of  con' 
tlnuoua  traatasnt  for  tha  patients 
to  raapond. 

22.  Thinking  hack  over  all  tha  patients  you 
saw  In  tha  teat  period,  roughly  what  X were 
UM  candidates? 

a.  Lass  than  10X 

b.  About  10  - 25X. 

c.  About  25  - SOX. 


91 

9 

0 


37.5 
34 

12.5 


d.  Nora  than  50X. 

23.  Mould  you  suggeat  purchasing  the  LLH  for 
use  in  your  Physical  Therapy  Departaent? 

a.  Definitely  not. 


li 


3 


90 

5 

5 


45 

27 

15 


N.A. 


0 


b.  Probably  not. 


23 


11 


e.  Maybe  - depends  on:  (coaaant  please). 


23 


21 


d.  Tea. 
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2d.  Mat  also  should  wa  know  about  applies' 
tloa  of  the  LLH  la  your  facility? 


Co«ants  on  SIX  of  answers 
of  Study  Group  questionnaires 
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25.  On  a scale  of  1 - 7 (7  is  highest),  how 
would  you  rate  the  LLM  on:  (circle  one  for 
each  column) : 


Rel  In- 


Patient 


Highest 


Lowest 


Group 

Surve- 

Group 


AN  OCCIPITO-ZYGOMATIC  CERVICAL  ORTHOSIS  DESIGNED 
FOR  EMERGENCY  USE-A  PRELIMINARY  REPORT 

Gustav  Rubin,  M.D.,  F.A.C.S. 

Orthopedic  Consultant 

Malcolm  Dixon,  M.A.,  R.P.T. 

Health  Sciences  Specialist 

Joel  Bcrnknopf,  B.S. 

Staff  Orthotist 

Veterans  Administration  Prosthetics  Center 
252  Seventh  Avenue 
New  York,  New  York  10001 

INTRODUCTION 

The  purpose  of  this  paper  is  to  present  an  original,  efficient,  nun- 
invasive  cervical  immobilization  device,  that  can  be  applied  to  the 
patient  at  the  scene  of  an  accident  to  minimize  transportation- 
induced  secondary  trauma.  This  device  is  to  be  used  as  a first  step 
during  immediate  evacuation,  and  may  remain  in  situ  when  emer- 
gency X-rays  are  taken.  The  metallic  components  will  not  obstruct 
a properly  directed  X-ray  beam. 

Statistics  quoted  by  Pierce  and  Nickel  (1)  define  the  need  for 
such  a device:  "There  are  probably  upward  of  10,000  cord  injuries 
that  result  in  paraplegia  or  quadriplcgia  each  year  in  the  United 
States  and  there  arc  probably  in  the  neighborhood  of  200,000 
paraplegic  and  quadriplegic  patients  presently  living  in  this  country.” 
These  authors  further  point  out  that  one  in  every  ten  patients  “has 
shown  progression  of  symptoms  of  spinal  cord  or  nerve  root 
damage  between  the  time  of  initial  diagnosis  at  the  scene  of  the 
accident  and  the  beginning  of  definitive  in-hospital  treatment.” 
These  same  authors  further  state  that  "first-aid  treatment  of  patients 
with  spinal  injuries  is  at  present  woefully  inadequate  (italics  ours) 
and,  if  it  were  adequate,  it  could  in  many  cases  prevent  permanent 
sequelae  or  reduce  neurologic  residuals.” 


L - 
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DESCRIPTION  OF  THE  ORTHOSIS 
Basic  Features  of  Existing  Orthoses 

Non-invasivc  orthotic  devices  provide  relatively  ineffective  immo- 
bilization of  the  cervical  spine.  A recent  study  (2)  concluded  that 
“lateral  bending  and  rotation  over  the  entire  cervical  spine  as  well  as 
flexion-extension  at  the  upper  levels  were  not  well  controlled  by 
any  ol  the  conventional  orthoses,”  and  that  “the  standard  orthoses 
with  mandibular  and  occipital  supports  are  not  well  suited  to 
controlling  lateral  bending  or  sagittal  plane  motion  of  the  head." 

Cervical  orthoses  (other  than  those  that  cannot  be  applied  in  the 
field,  such  as  the  halo)  depend  upon  several  points  of  support,  the 
occiput  and  mandible  superiorly,  and  the  shoulder  girdles  and  trunk 
interiorly . 1 he  soil  cervical  collar  is  essentially  a reminder  orthosis 
rather  than  a supportive  device  (2),  because  the  soft  components 
cannot  resist  pressure  distortion.  Other  conventional,  readily  appli- 
cable, noil-invasive  orthoses  such  as  the  four-poster  and  the  SOMI 
(Sternal-Occipital-Mandibular  Immobilizer)  (2)  are  fabricated  with 
rigid  components,  but  such  orthoses  should  not  be  locked  rigidly 
against  the  mandible  during  transportation  of  the  cervical-spine- 
injured  patient  because  ol  the  danger  of  interfering  with  respiration 
j as  well  as  with  the  removal  of  vomitus,  and  the  possibility  of 

inhalation  of  such  material.  Even  in  the  alert  and  fully  conscious 
patient,  immobilization  of  the  mandible  interferes  with  feeding  and 
speech.  Therefore,  existing  conventional  orthoses  are  fitted  in  such 
manner  that  the  patient  can  lilt  it  is  head  and  chin  away  from  the 
orthosis  support  areas  and  move  his  neck  to  a significant  degree  in 
all  directions.  The  only  orthosis  which  comes  “close  to  the  theoret- 
ical total  immobilization  is  the  halo  cast.  It  obviously  does  not 
totally  immobilize  the  cervical  spine  but  is  very  efficient”  (3). 

Basic  Features  of  the  New  Design 

Certain  key  components  of  the  SOMI  (2)  orthosis  were  retained 
with  specific  changes  aimed  at  achieving  more  efficient  immobiliza- 
tion, while  at  the  same  time  freeing  the  mandible  from  its  tradition- 
al role  as  an  orthosis  support  area.  The  changes  consisted  of: 

1 . Removal  of  the  mandibular  component  of  the  SOMI  and  its 
replacement  with  a U-shaped  zygomatic  component  (Figs.  1 and  2), 
while  retaining  all  other  components  of  the  SOMI;  and 

2.  I he  addition  of  a cranial  vertex  component  with  appropriate 
strap  restraints  (Fig.  3),  to  complement  the  extension  restraint 
function  of  the  occipital  pad.  This  feature  is  particularly  useful  to 
limit  head  extension  of  the  supine  patient. 
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I'Uil’RK  1.  Note  the  replacement  of  the  SOMI  mandibular  support  hy  the  suh-/ygomath 
yoke,  t he  range  of  rotation  to  the  subject’s  right  with  the  orthosis  is  shown  on  the  f igure, 
t he  subject  retained  slight  movement  capability  while  indicating  that  the  adjustment  was 
not  uncomfortable.  (Hus  individual's  normal  range  of  rotation  in  the  direc  tion  shown  was 
measured  to  he  7V\) 
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I*  Uil'KK  i.\  Rotation  to  left  in  the  orthosis.  (This  individual's  normal  range  of  rotation 
in  this  direction  was  measured  to  he  75°.) 
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ADJUSTABLE  UK  K 
FOR  ( RANIAl.  VERTEX 
RESTRAINT 


SUBZYCiOMAlK  PAIXs 
(Oil  the  linal  tlesign  ihc  sting  nuts 
•ere  brued  tu  mils  ol  i In  ruled 


ADJISIAHI.I  STERNAL  UK  k 
EUR  I SHAPED  YOKE 


< ON 'I  ROI.  STRAPS 
RESTRKTINti  NE(  K 


EXTENSION 


I'  U.l'RE  :l.  Sulc  i lew  to  demonstrate  components.  Note  that  there  has  been  no  attempt 
b\  the  orthotist  to  enstom  lit  the  shouldcr/tmnk  eompiments.  Custom  lilting  was  ilelih 
eialeh  asouled  in  this  mstanee.  hee.mse  it  is  advised  that  this  orthosis  he  employed  as 
an  emergent  \ application  device.  In  spite  of  that,  flexion  and  extension  are  markedly 
tvhtru  u»l. 
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Advantages  of  the  New  Design 


1.  The  yoke  bypass  of  the  mandible  to  the  zygomata  allows 
mandibular  motion  and  permits  the  patient  to  open  his  mouth.  The 
use  of  the  sub-zygomatic  support  areas  allows  the  orthotist  to  fabri- 
cate padded  sub-zygomatic  supports  which  are  not  only  vertically 
supportive  but  are  also  placed  obliquely  in  relation  to  the  sagittal 
plane  to  restrain  rotation  effectively. 

2.  The  pads,  which  are  mounted  on  ball  and  socket  joints,  can 
be  threaded  in  toward  the  zygomata  or  away  from  them,  to  accom- 
modate different  facial  bone  measurements. 


3.  Ease  ol  application  is  retained.  During  application  “gentle 
axial  traction”  (1)  should  be  maintained  by  placing  the  hands  on 
the  chin  and  occiput.  The  orthosis  can  be  applied  over  the  patient’s 
clothing  in  the  manner  of  the  application  of  the  SOMI.  The  orthosis 
should  be  applied  in  four  steps  by  two  trained  ambulance  attend- 
ants. One  attendant  must  maintain  head  traction  with  the  patient 
in  the  supine  position  until  application  is  completed.  The  four 
sequential  steps  are  as  follows: 


1.  The  trunk  (shoulder-sternal)  component  is  applied  first 
and  the  criss-crossed  straps  are  pushed  beneath  the  patient 
to  their  anterior  attachments  points,  and  tightened. 

2.  The  occipital  component  is  then  fitted  into  place,  vertical- 
ly adjusted,  and  locked  into  the  appropriate  locks. 

3.  The  zygomatic  yoke  should  next  be  positioned  in  the 
sternal  slot  and  locked.  The  pads  should  be  adjusted  into 
the  subzygoma  tic  recesses  by  turns  of  the  wing  nuts.  A 
final  vertical  readjustment  of  the  yoke  may  be  required. 

4.  Finally,  the  cranial  vertex  component  should  be  fitted 
snugly  to  the  vertex  and  fixed  in  position  in  the  lock 
(Fig.  4). 


Retention  of  the  SOMt  Design  Principles 

The  original  SOMI  was  designed  to  permit  its  application  to  the 
supine  patient  with  minimal  manipulation  of  the  cervical  spine.  This 
aim  was  achieved  by  carrying  the  occipital  support  struts  anteriorly 
to  adjustable  fixation  points  (Figs.  1 and  2).  A fixation  point  over 
the  sternal  segment  of  the  orthosis  was  included  to  allow  for  vertical 
adjustment  of  the  mandibular  component  of  the  SOMI,  which 
could  then  be  locked  into  position. 

In  the  present  design,  after  the  mandibular  component  had  been 
removed  and  replaced  by  the  sub-zygomatic  yoke,  the  sternal 
attachment  point  was  used  in  the  same  manner,  i.e.,  to  allow  vertical 
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CRANIAL  VERTEX  PAD 


ADJUSTABLE  LOCK  FOR  C RANIAL  VERTF.X  RESTRAINT 


FIGURE  4.  Posterior  view  to  demonstrate  a lock  for  extension  restraint. 


adjustment  and  locking  of  the  yoke.  Finally,  a similar  adjustable 
fixation  point  was  added  to  the  occipital  component  of  the  SOM1 
for  attachment  of  the  cranial  vertex  restraint  (Fig.  4).  In  essence, 
this  device  is  more  rigid  than  the  SOMI  (2). 
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EFFECT  OF  THE  ORTHOSIS  ON  CERVICAL  MOTION 

A young,  healthy,  adult  without  cervical  complaints  was  used  as 
the  subject.  The  zygomatic  pads  were  adjusted  until  the  subject 
indicated  that  they  were  not  uncomfortable. 

Head  motion  was  measured  in  relation  to  the  superior  border  of 
the  7th  cervical  vertebra  by  drawing  a line  across  the  superior 
border  of  that  vertebra  and  relating  this  to  a line  drawn  through 
two  fixed  points  on  the  skull:  the  center  of  the  occipital  protuber- 
ance and  the  lower  border  of  the  mastoid  process: 

1.  Flexion  (Figs.  5 and  6) 

a.  without  the  orthosis:  40  deg 

b.  with  the  orthosis:  2 deg-3  deg 

2.  Extension  (Figs.  7 and  8) 

a.  without  the  orthosis:  83  deg 

b.  with  the  orthosis:  0 deg 

3.  Right  Lateral  Bending  (Figs.  9 and  10) 

a.  without  the  orthosis:  30  deg. 

b.  with  the  orthosis:  3 deg 

4.  Left  Lateral  Bending  (Figs.  11  and  12) 

a.  without  the  orthosis:  30  deg 

b.  with  the  orthosis:  5 deg 

5.  Rotation  — 75  deg  in  each  direction  (measured  but  not 

photographed).  F'or  this  individual  the  range  was  greater 

than  that  recorded  in  the  publication  “Joint  Motion”  of  the 

American  Academy  of  Orthopaedic  Surgeons  (60  deg)  (4). 

a.  with  orthosis,  to  right  (Fig.  1):  6 deg 

b.  with  orthosis,  to  left  (Fig.  2):  2-3  deg 

INDICATIONS 

The  authors  suggest  the  use  of  this  new  design  for  emergency 
application  at  the  scene  of  the  accident  to  virtually  “lock”  the  head 
and  neck  into  almost  total  immobility  and  limit  the  possibility  of 
additional  secondary  iatrogenic  damage  to  the  already  traumatized 
neck.  The  long  term  effect  of  pressure  on  the  sub-zygomatic  soft 
tissues  is  not  known  at  this  time  and,  for  that  reason  only,  prolong- 
ed therapeutic  use  cannot  be  recommended  until  such  effects  can 
be  evaluated.  (This  device  is  currently  being  distributed  to  several 
spinal-cord-injury  centers  throughout  the  country  for  their  use  and 
evaluation.)  Should  this  orthosis  be  employed  for  routine  immobil- 
ization rather  than  for  an  emergency  situation,  the  vertex  restraint 
may  be  removed  and  the  device  may  be  custom-fitted  (see  caption 
for  Figure  3). 
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INTRODUCTION 

Clinicians  have  been  interested  in  investigating  capillary  blood 
How  and  what  affects  it,  ever  since  Homo  sapiens  complained  of  a 
blister,  corn,  tight  bandage  or  cast,  or  a decubitus  ulcer— any  condi- 
tion leading  to  ischemia  with  the  potential  of  then  progressing  to 
tissue  necrosis. 

One  of  the  problems  in  investigating  capillary  blood  flow  has 
been  the  difficulty  of  reliable  measurement.  As  a method  of  mea- 
suring small-vessel  blood  flow,  plethysmography  is  the  most  direct, 
but  unfortunately  it  is  limited  in  its  applicability  (Barbencl  et  al., 


aThis  research  was  funded  in  part  by  U.  S.  Public  Health  Service  Grant  No.  NU  00444: 

Nursing  Measures  in  the  Prophylaxis  of  Pressure  Sores. 

^Dr.  Verhonick  died  October  1,  1977. 
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1976).  More  indirect  methods  have  been  used  which  infer  the 
capillary  blood  How  through  its  relationship  with  temperature, 
visual  appearance  ol  the  skin,  absorption  rates,  or  pressure.  These 
indirect  methods  include  the  use  of  thermography,  thermistors, 
direct-pressure  and  interface-pressure  instruments,  uptake  of  radio- 
active isotopes,  use  of  transparent  materials  to  view  changes  in  areas 
under  pressure,  and  transillumination. 

A new  technique  of  modified  transillumination,  described  in  this 
article,  was  developed  using  normal  healthy  adults  as  subjects.  It 
is  noninvasive  and  does  not  require  the  application  of  instrumenta- 
tion to  the  skin  surface. 

REVIEW  OF  TECHNIQUES 

Thermography 

T hermography  produces  a visual  image  indicative  of  the  tempera- 
ture distribution  over  the  skin  surface.  Areas  of  the  skin  that  have  a 
normal  blood  flow  have  a normal  skin  temperature,  and  present  a 
pattern  of  infrared  radiation  emitted  by  the  skin  surface  (Barnes, 
1963,  1968).  Changes  in  the  blood  flow  all'ect  the  skin  temperature 
and  can  be  detected  by  a change  from  the  baseline  thermographic 
pattern,  Evans  el  al.  (1976)  used  thermography  to  study  arterial 
obstruction  in  the  lower  limbs:  the  investigators  found  that  thermo- 
graphy identified  the  abnormal  skin  temperature  distributions  that 
were  due  to  arterial  occlusions  in  the  lower  limbs. 

Vcrhonick,  Lewis,  and  Gollcr  (1972)  used  thermography  in 
studying  decubitus  ulcers.  T hey  used  the  thermogram  to  document 
the  effects  of  body  weight  pressure  (lying  on  a stretcher)  on  the 
knee  and  heel.  Reactive  hyperemia,  “Hushing”,  was  documented  on 
sequence  thermograms  by  a high  pressure  area  showing  first  as  a 
cold  area,  then  “flushing”  to  show  as  a higher-temperature  region 
than  surrounding  areas,  and  finally  equilibrating  back  to  a near- 
baseline temperature  distribution  pattern.  In  the  mentioned  study, 
thermography  was  investigated  as  means  of  quantifying  the  rela- 
tionships between  body-weight  pressure  and  temperature  change. 

Earlier,  Gollcr  (1971)  had  established  the  relationship  between 
temperature  change  and  a known  amount  of  pressure.  Kosiak  (1961) 
and  Lindan  (1961)  found  the  pressures  to  be  most  intense  when 
they  arc  related  to  bony  or  tendinous  prominences;  they  may 
exceed  100  mm  Hg  over  these  areas.  The  relationship  between 
allowable  pressure  and  time  duration,  for  “safe”  pressure-time 
support,  was  published  by  Kosiak  in  1961. 
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Interface  Pressures 

Various  means  ol  pressure  measurement  have  been  used  to  eval- 
u.iti'  inteilacc  pressure.  No  ,i\  ailablc  device  is  without  problems: 
tlu-  reader  is  referred  to  letpuson  1YII  t-t  ,il.  (1976)  lot  .1  lull  discus- 
siou  ol  sui'li  problems.  Most  fnniniotil\  used  devices  .tic  either 
pile  111t1.it ii  or  are  variations  ol  strain  pape  a|)|>lieatioti.  Pneumatic 
sensors,  consist  inp  ol  from  one  to  ei>>lu  inflatable  membraneous 
n'lls,  iitili/e  electrical  contacts  within  the  cells  that  close  at  the 
point  where  internal  pressure  eipials  the  interlace  piessure.  Strain 
waited  diaphragm  transducers  measure  surface  strains  In  electrical 
strain  Raxes,  hut  tliev  are  lipid,  and  the  dimensions  need  to  he  small 
tl  they  are  to  he  used  on  curved  interlaces.  A commercial  ‘hcam’ 
transducer  (monolithic  strain-parted  heam  encapsulated  in  ruhher) 
was  evaluated  at  Strathclyde  ( Fcrpuson  Pell,  1976):  it  was  found 
that  tlu  hi  am  tcspoiided  to  mplaiie  lori'i's  as  well  as  to  normal 
lorces. 

Research  into  the  dilliciilt  problem  ol  reliable  pressure  measurc- 
ment  continues,  and  includes  the  use  of  an  elastic  disc  with  which 
electrical  measurements  inav  he  made  In  resistive,  inductive,  or 
capacitive  techniques. 

Other  Methods 

Other  methods  of  lookinp  at  pressure  and  its  effects  on  the 
microcirculation  involve  the  use  ol  radioactiv it y- tapped  isotopes. 
Dalv  et  al.  (1976)  used  Xenon1’'  labeled  saline  to  measure  ehanpes 
in  uptake  by  the  microcirculation  ol  the  skin  in  response  to  pres- 
sure. I lickmann  et  al.  ( 1 966).  usinp  Na24  on  the  hacks  of  rats  and 
the  volar  surlacc  ol  lorearms  in  humans,  measured  the  alteration  of 
skin  blood  llow  caused  by  pressure.  I liese  investipators  lound  that 
when  the  pressures  approximated  mean  capillary  pressure  (25  111111 
H.p)>  1 Ie.11. mce  rales  averaped  about  80  percent  ol  normal. 

However,  cyclic  loadinp  resulted  in  different  effects  on  capillary 
blood  llow  durinp  the  loadinp  and  uuloadinp  phases  of  the  cycle. 

Komanus  (19/6)  studied  the  influence  ol  time,  pressure,  and 
temperature  on  the  microvaseulature  of  the  hamster’s  cheek  pouch. 
Repetitive  pressure, even  tliouph  not  damapinp  on  sinple  application, 
produced  alterations  in  blood  flow  deprivinp  the  tissue  of  normal 
on V pen  levels.  Harbenel  et  al.  (1976)  attempted  to  find  a load  level 
whiili  was  critical  lor  cllcctinp  a sudden  decrease  in  capillary  blood 
flow.  1 hese  investipators  used  an  abdominal  fold  and  the  technique 
ol  transillumination.  Ihcir  litiiliups  showed  no  correlation  between 
load  levels  and  the  point  where  blood  content  of  the  skinfold  sud- 
denly decreased. 
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That  areas  of  ischemia  can  he  matte  visible  through  transparent 
materials  was  demonstrated  by  Miller  and  Sachs  (1974).  It  is  fairly 
evident,  to  an  observer  looking  through  the  transparent  material, 
that  thv  ischemic  area  is  also  the  point  of  greatest  pressure.  The 
other  contact  areas  of  skin,  however,  do  not  show  any  gradations  ol 
skin-color  change  to  indicate  degrees  ol  alteration  ol  capillary  blood 
flow  due  to  tlie  pressure  of  body  weight. 


EDGE  LIGHT  TECHNIQUE 


Verhonick,  Lewis,  anti  Kissinger,  while  working  on  a protocol  to 
quantify  measurement  of  variables  pertinent  to  the  acquisition  of 
decubitus,  developed  a technique  of  modified  trunsilluminalion 
(edge  light)  which  shows  alterations  in  capillary  blood  flow  in 
skin-contact  areas.  With  the  subject  lying  supine  on  a Plexiglas® 
surface  and  draped  with  a dark  cover,  two  phololamps  (3400  K) 
were  positioned  to  allow  a strong  section  of  light  to  pass  through 
the  edge  of  the  Plexiglas  support  surface  (hence  "edge  light”).  The 
refraction  of  the  light  passing  through  the  half-inch  thick  Plexiglas 
illuminated  the  skin  areas  that  were  in  contact  with  it.  As  viewed 
from  below,  this  modified  transillumination  revealed  differences  in 
the  color  densities  (presumedly  due  to  amount  of  blood  flow)  of 
the  otherwise  uniformly -colored  lion-ischemic  contact  area  under 
body  weight. 

Figure  I illustrates  the  appearance  of  the  torso  viewed  from 
below  by  conventional  lighting,  through  a transparent  Plexiglas 
support  surface.  This  type  of  photograph  is  similar  to  those  pub- 
lished by  Miller  and  Sachs  (1974).  Figure  2 illustrates  the  same 
subject,  again  viewed  from  below  through  a rigid  Plexiglas  sheet, 
but  this  time  the  illumination  is  "edge  light"  as  described  earlier.' 
In  Figure  3,  a piece  of  thin  flexible  cellulose  acetate  has  been 
attached  to  the  underside  of  the  Plexiglas  support  surface,  and  on 
this  the  pattern  of  blanched  areas  that  is  visible  under  edge-lighting 
has  been  delineated  with  a "grease  pencil.”  (One-foot  rules,  sup- 
ported by  the  cellulose  acetate  film,  provide  a reference  scale.) 

Figures  4,  5,  and  (>  illustrate  the  same  situations  as  Figures  1, 2, 
and  3,  respectively,  but  with  a different  subject. 


The  Attempt  to  Correlate  Visual  Contact  Patterns  with  Interface  Pressure  Data 

The  rank-order  distribution  of  pressures,  as  may  be  inferred  from 
the  observation  of  skin  colors  while  the  subject  is  resting  on  the 

1 A group  of  S5*mm  color  slides,  illustrating  the  edge  light  phenomenon  as  described  here, 
is  on  file  at  the  editorial  offices  of  the  Bulletin  of  Prosthetics  Research.  Subject  to  avail* 
ability,  these  ma\  be  borrowed  for  study  and/or  copying. 
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Figure  l.  -Subject  A,  shown  lying  supine  on  a sheet  of  rigid  (half-inch-thick)  transparent 
Plexiglas®1.  Subject  is  illuminated  from  below  with  conventional  direct  lighting:  black 
drapes  restrict  entry  of  light  from  above.  Photograph  was  taken  looking  upwards  through 
the  transparent  Plexiglas®. 


F IGURt  3.  Subject  A.  A grease  pencil  has  been  used  to  trace  the  pattern  of  blanched 
area  boundaries  seen  only  faintly  in  Figure  2.  (These  boundaries  and  areas,  clearly  visible 
to  the  observer  with  edge  light,  are  somewhat  less  clearly  visible  in  a good  color  photo- 
graph. Black-and-white  photography,  however,  records  only  a suggestion  of  the  phenome- 
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rigid  transparent  Plexiglas  sheet  with  edge  lighting,  is  considered  to 
he  a direct  indication  of  the  distribution  of  pressures  as  they  would 
he  with  the  subject  resting  on  a nun-compliant  operating  table. 
Thus,  this  same  distribution  is  also  considered  to  be  a useful  guide 
for  an  experimenter  who  wishes  to  locate  pressure  gages  in  areas  of 
greatest  interest  for  tests  with  other  supports. 

The  presence  of  any  gage  (regardless  of  its  thickness  or  compli- 
ance) between  the  body  and  a noncompliant  support  will  cause  an 
.ulilactu.il  increase  in  apparent  pressure.  At  more  rigid  body  tissue 
(c.g.,  a bony  prominence  with  very  little  covering  of  soft  tissue)  or 
for  a thicker  gage,  this  artifactual  increase  will  be  greater.  Converse- 
ly. softer  and  thicker  flesh,  or  very  thin  gages,  or  a softer  supporting 
surface,  should  each  provide  a smaller  increase  of  recorded  pressure 
above  die  true  pressure.  Nevertheless,  it  may  be  hypothesized  that 
the  rank  order  of  pressures  distributed  over  the  various  body 
surfaces  is  preserved  in  the  rank  order  of  the  gage  readings  from 
those  areas. 

Based  on  this  hypothesis,  the  subject  shown  in  Figure  7 was  used 
in  preliminary  tests.  The  gage  was  an  inflatable  pneumatic  mem- 
brane cell  made  of  two  walls,  each  flexible  plastic  .003-inch  thick. 
Pressures  were  measured  between  the  supine  body  and  a thin  foam 
mattress  on  the  metal  plate  of  a wheeled  hospital  stretcher.  Because 
the  pressure  gage  was  thin  and  flexible,  and  because  of  the  use  of 
the  foam  mattress,  the  artifactual  increase  in  observed  pressure 
beyond  that  existing  without  a gage  was  considered  modest,  though 
there  was  no  direct  validation  of  that  opinion.  The  subject  appeared 
to  have  interface  pressures  of  38  mm  llg  at  body  midline  on  the 
sacral  horizontal  line  and  (>(>  mm  llg  at  a point  one-quarter  of  an 
inch  above  it.  Both  pressure  values  are  far  higher  than  capillary 
blood  pressure,  which  is  in  general  agreement  with  the  severe  blanch- 
ing observed  through  the  rigid  Plexiglas  sheet.  In  contrast,  the  pres- 
sure between  body  and  foam  mattress  at  midline  1 inch  below  the 
horizontal  line  was  only  30  mm  llg,  probably  slightly  lower  than 
capillary  pressure.  Looking  at  the  pattern  seen  on  the  edge-lighted 
Plexiglas  sheet,  one  could  predict  from  the  dark  noncontact  area 
between  the  buttocks  that  pressures  at  body  midline  would 
decrease  rapidly  as  one  moved  the  gage  downward  from  the  sacrum. 
Likewise,  pressures  decreased  progressively  from  the  sacrum  to  the 
outer  quadrants  of  the  buttocks,  in  the  same  approximate  rank  order 
as  the  trace  contact  pattern  demonstrated  by  edge  light.  (Those 
patterns  are  much  more  apparent  to  the  eye  than  they  are  in 
photographs.) 

Obviously,  there  must  be  careful  placement  of  the  body  in  the 
same  position  and  with  the  same  muscle  tensions,  to  permit  valid 
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I’U.l'RF  7.  Subject  uscvl  m preliminary 
Rsts  with  pressure  gage,  shown  here  under 
conditions  as  described  in  Figure  3. 


comparison  between  visu.il  observation  with  edge  light  on  the  hard 
1 lexiglas  sheet  and  estimates  ol  pressures  trom  gages  at  critical 
locations  between  the  body  and  the  softer  mattress. 

DISCUSSION 

l'he  technkiue  of  edge  light,  anil  the  correlation  of  the  trace 
contact  pattern  with  interlace  pressures  and  thus  with  alteration  of 
the  tuicrovasculari/.ation  of  the  skin,  has  not  been  studied  in  a con- 
trolled research  design  with  a large  number  of  subjects.  However, 
findings  Irom  our  study  are  suggestive  that  the  trace  pattern  of 
color  gradients  revealed  by  the  technique  of  edge  light  is  inversely 
related  to  the  pressure  gradients,  with  the  lighter-colored  contact 
areas  being  under  greater  pressure  from  body  weight  than  the 
darker-colored  contact  areas.  It  is  further  suggested  that  the  grada- 
tions in  color  are  positively  related  to  amount  of  blood  in  the  sub- 
papillary  venous  plexus  and  capillaries  of  the  skin  (Lewis,  1927), 
with  the  ischemic  pallor  indicating  cessation  of  blood  How.  (Initia- 
tions ol  color  ranging  from  pallor  to  dark  would  indicate  gradations 
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t)l  the  increasing  amounts  of  blood  in  the  suhpupillury  venous 
plexus  and  capillaries. 

Lindan  et  al.  (1965)  suggested  that  the  gradient  of  pressure 
across  contour  sites,  such  as  the  buttocks,  is  approximately  linear. 
Newell  et  al.  (1970)  suggested  that  higher  gradients  exist  around 
bony  prominences.  1 he  interlace  pressure  measurements  and  edge 
light  trace  patterns  as  studied  by  the  authors  suggest  that  the  pres- 
sure gradient  across  the  buttocks  contour  is  not  linear,  and  that  the 
pressure  gradient  patterns  differ  depending  on  individual  skeletal 
and  subcutaneous  structures. 

It  is  recommended  that  the  technique  of  edge  light  be  further 
studied  and  correlated  with  interlace  pressure  measurements  under 
controlled  conditions.  If.  on  further  investigation,  edge  light  con- 
tinues to  disclose  subcutaneous  irregularities,  it  is  recommended 
that  the  technique  be  explored  lor  use  also  in  detection  of  breast 
cancer.  From  the  perspective  of  the  subjects’  safely,  the  technique 
ol  edge  light  has  .is  its  assets:  noninvasiveness.  freedom  from 
instrument  attachment,  and  the  lack  of  exposure  to  radiation.  And, 
unlike  many  other  investigative  techniques  in  the  clinical  area,  the 
technique  ol  edge  light  can  be  used  l>\  non-physician  investigators. 
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I.  DEVELOPMENT  AND  l A AIT’A  I ION 

A.  Prosthetics 
Lower  Limb 

a.  Plastic  Knee  Joint  lor  Bclovv-Kncc  Prosthesis 
I).  Oraphilc-Epoxy  Knee  Joint 
e.  Nylon  Kneejoint 

il.  I .S.  Mann lacluriin;  Co.  lour  Hat-Link. tgc  Knee 

B.  Ortholies 

1 . Plastie  Knee  ( Irthosis 

2.  Orthotie  Transverse  Rotator 
Spinal-Cord-Injury  Rehabilitation 

!•  Env  ironmental  Control  Systems 
Stanley  Silent  Swing  Door  Operator 
2.  Communieat ions  Aids 
Saltus  Reading  System 
‘L  Mobility  Aids 

a.  I' reevvheeler  Power  Wheelchair 

b.  Eleetronic  Power  Conversion  Kit  Tor  Wheelchairs 
e.  Electric  Back  Recliner ’’it 

d.  Icarus  Easy  I ranslcr  Wheelchair  Attachment 

e.  Anovv  Wheelchair 
I.  Rigal  Walker  Tray 

■L  Body  Support  Systems 
E-/.  Patient  Turning  System 
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II.  COMIM.IANCM  IMS  I INC 

A.  Standards  Development 

B.  Compliance  Testing 
Corset  Material 

III.  HIM  VAl’C  CLINIC  I MAM 


I.  DEVELOPMENT  AND  EVALUATION 

A.  Prosthetics 

1.  I.ower  l.imh 

a.  Kn ee  Joint  for  tieloie-Knee  Prosthesis.  Ivf  forts  eontiime  to 
I'itul  a suitable  plastic  knee  joint  to  replace  llte  steel  knee  joint  still 
being  used  in  below  knee  pros!  Iveses.  llte  previously  ileseribed 
eliorts  to  use  polypropylene  demonstrated  that  this  material  laeks 
the  rigidity  required  in  a knee  joint  l>\  most  thigh-corset  wearers 
(Bl’R  10-L’b.p.  21b). 

b.  Crnfiliiteljiow  knee  Joint  for  lieloie-Knee  Prosthesis. 
Id  loi  ts  with  graphite-epoxy  eontposite  were  also  unsuccessful, 
sinee  it  has  been  impossible  to  shape  this  material  to  the  eonlours 
required. 

e.  Xyfon  Knee  Joint.  Currently  being  evaluated  is  the  use  <d 
nylon  lor  this  purpose.  Initial  investigation  demonstrated  that  this 
material  ean  be  shaped  at  room  temperature  to  the  desired  eon- 
tours,  and  it  seems  to  possess  the  required  rigidity.  Nylon  knee 
joints  are  eurrently  being  fabricated  and  patients  will  be  selected 
as  pilot  wearers. 

d.  /'..S'.  Mnnii/iu  t iiriiif;  Co.  Pour  liar -Linkage  Knee.  I bis  de 
yice,  developed  by  the  C.S.  Manufacturing  Co.,  Clcndale,  Calilor- 
nia,  makes  use  id  a polyeentrie  lour  bar  sy  stem  installed  in  an  etulo- 
skeletal  prosthesis,  with  a machine-contoured  loam  cover,  ( lie  knee 
uses  mechanical  constant-friction  to  control  swing  phase.  An  elastic 
extension  aid  is  provided.  The  unit  is  comparatively  light  in  weight, 
provides  good  knee  stability  , and  allows  relatively  greater  knee  Ilex 
ion.  It  van  be  fitted  to  amputations  at  the  knee-disarticulation  and 
above-knee  levels. 

I he  knee  was  fitted  to  an  above-knee  amputee  who  has  a fairly 
long  residual  limb  and  evaluated  for  I year.  No  special  problems 
were  encountered  by  the  prosthetist  during  lilting  and  fabrication, 
and  time  and  cost  factors  were  within  the  allowable  range  for 


80 


VAPC  Research 

standard  allow knee  prosthesis.  I In-  patient's  reaction  i<>  (hr  unit 
was  tavorahlc:  his  gait  improved  <lur  to  belter  knrr  stabilitv  , and  it 
required  less  effort  to  maintain  a stahlr  knee,  as  compared  to  his 
previous  (single  axis)  unit. 

I hr  knrr  still  functioned  satisfactorily  after  thr  year  of  usr. 
Iltr  onl\  maintrnanrr  required  during  thr  evaluation  period  was 
tar  nrrd  to  rrplaee  thr  worn-out  rlastir  rxtrnsion  aid  aim  (i 
months. 

B.  Orthotics 

I.  P/astii'  l knrr  Orthos, s.  Although  we  have  hrrn  siiccrsslullv 
ll",n«  P«*l>  |»««»p>  lrnr  knrr  orthoses  with  suprapatellar  strap  susprn 
s.on  lor  more  than  2 years  (IU>R  I 0-2:1.  p.  22a).  i,  has  hrrn  Irlt  that 
polypropylene  side  liars  provided  inadequate  medial  lateral  knee 
joint  support . 

Another  shortcoming  was  that,  during  amhulation.  thr  rail' and 
thn;h  ( tills  slipped  slightly  ttp  and  down  the  patients'  legs:  this  was 
due  to  thr  lari  that  thr  orthotit  knrr  joint  did  not  match  thr  posi 
turn  ol  thr  anatomiral  knrr  joint.  Although  thr  knrr  orthoses  were 
lahrtratrd  to  lit  rlosrlv  to  thr  knrr,  patients  misjudged  the  place 
■nrnt  ol  the  joint  when  donning  the  drvirr. 

I tv  improve  fit  ling  and  joint  plarrmrnt,  a new  polv  propv  lrnr 
orthosis  has  hrrn  designed  and  I'ahriratrd  tisin.o  a double  axis  knrr 
joint  with  a sliding  anion  limited  hv  two  stops,  litis  joint's  move 
'"rut  flt'srlv  resent  hies  anatomiral  knrr  movements,  i hr  merhani- 
eal  joint  allows  movement  ol  thr  anatomiral  knrr  and  dors  not 
eaiise  up-and-down  motions  ol  thr  rail  and  thigh  ends. 

I-  ahrirat ion  was  similar  to  that  used  lor  the  previous  orthosis 
| 11  lx  1 0 -.1,  ji.  «-  — .i ) txicpt  lot  two  drape  moldings;  no  jtiints 
were  added.  An  aluminum  disc  was  added  between  the  moitlings 
to  provide  a Hat  stir laee  to  eonstruel  thr  new  joint.  And  thr  east 
was  modified  in  a manner  similar  to  that  ol  thr  previous  orthosis 
except  lor  a build-up  at  the  joint  renter.  This  Imild-tip  provided  an 
area  m which  to  eonstruel  thr  met  h.mieal  knrr  joint. 

«bc  mw  orthosis  weighs  only  till  grams  more  (approx. 
_.2.i  o/  more)  than  thr  older  orthosis,  it  provides  a better  lit  and 
better  appearance.  Thr  drvirr  is  currently  bring  clinically  evaluated. 

2.  Orthotk  transverse  Rotator.  Evaluation  has  hrrn  completed  on 
(hr  transverse  rotator  for  lower-limb  orthoses  (BI*R  10-28  p <Ki) 
Four  lower-limb  orthosis  wearers  have  used  thr  drvirr  hod, ’indoors 
.uni  outdoors  lor  d to  (i  months. 
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All  patients  have  agreed  that  the  shoe  sole  deviee  functioned 
well.  No  major  improvements  in  their  gaits  were  uotieeahle,  but 
they  appreciated  the  additional  freedom  the  rotator  allowed  them 
during  ambulation.  They  were  especially  pleased  with  the  ability 
to  turn  on  the  braced  limb:  this  has  not  been  possible  without  the 
rotator. 

In  limited  indoor  walking,  the  deviee  proved  fairly  durable,  but 
quickly  malfunctioned  when  used  outdoors  the  rubber  cover  wore 
oil  or  came  off  for  all  patients,  and  enough  dirt  then  collected 
around  the  deviee  to  prevent  it  from  rotating. 

The  evaluation  confirms  the  theory  that  the  addition  of  a trans- 
verse rotator  to  the  sole  ol  the  shoe  of  a lower-limb-orthosis  wearer 
is  beneficial  to  the  patient.  But  the  present  deviee  is  durable  enough 
only  lor  indoor  use,  and  requires  redesigning  if  it  is  to  be  suitable 
lor  outdoor  activities. 

C.  Spinal-Cord-Injury  Rehabilitation 

1 . Environmental  Control  Systems 

a.  Stanley  Silent  Siring  Door  Operator.  The  Stanley  Silent 
Swing  Door  Operator  (Fig.  I)  is  supplied  by  the  Stanley  Works  Tool 
ami  Door  Co.,  Farmington,  Connecticut,  and  the  Brent kc  Romich 
Co.,  Shrevc,  Ohio. 


f ICtURK  1.  Stanley  Silent  Swing  I >oor 
Operator. 


I his  electromechanical  deviee  lor  the  home-living  disabled  can  be 
mounted  on  a door  transom  to  operate  a light-duty  interior  swing- 
door.  1 he  door  must  be  butt  hung  or  swing-clear-hiuge  hung,  with 
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maximum  width  of  42  in.  (lOti.liS  cin)  and  !>0-lb  ((i8.04  kg)  maxi 
mum  weight.  A stallahlc,  slow-spced,  rotary -field  drive  motor, 
employing  a Imilt  in  near  box  with  a lt>()-deg  non-.uljustable  spindle 
output,  is  used.  I wo  internal  resilient  stops  stall  the  motor;  no  limit 
switehes  or  return  sprint’s  are  used,  and  the  motor  remains  enet - 
yi/ed  in  the  open  and  elosed  positions.  Although  the  closing  motor 
windings  remain  energized,  the  door  ran  be  manually  opened 
against  the  dosing  motor  tor(|iie.  The  number  of  pounds  of  force, 
initial  lone  and  continuous  force,  retpiired  to  open  the  door  against 
the  closing  motor  tonpte,  depends  upon  the  distance  between  the 
door  hinge  and  the  applied  force. 

I wo  Silent  Swing  Door  Operators  were  submitted  for  evaluation. 

I hey  will  undergo  tests  in  controlled  conditions,  and  will  then  be 
installed  in  the  homes  ol  two  disabled  veterans  for  clinical  trials. 

2.  (.'omminiicutiims  .litis 

a.  Stiltus  llctiilmti  System.  I he  Saints  Reading  System  (Tig.  2), 
previously  identified  as  the  Haling  Reader  (BI’R  10-27,  pp.  102- 
104),  is  a portable  reading-assist  mat  bine  intended  for  the  severely 
paraly  zed.  Mautilaetured  by  the  Haling  dorp..  South  Natick,  Mass., 
the  device  incorporates  a spool  ol  sleeve-insert  tape  with  clear  plas- 
tic window  pockets  which  accept  pages  from  magazines  or  books. 

I hese  can  then  he  viewed.  I lie  reader  can  he  clamped  on  the  over- 
the-hed  table  included  in  the  package,  or  on  any  table. 

Several  prototypes  were  evaluated  lor  safety,  effectiveness,  and 
uselulness.  Hnginccring  tests  and  clinical  trials  were  conducted  in 
three  VA  hospitals  and  an  outpatient’s  home. 

Several  modifications  were  instituted  by  t hi-  manufacturer  after 
the  device  was  evaluated.  These  are  as  follows: 

1.  bach  plastic  scroll  pocket  is  split  lengthwise  to  make  it 
easier  to  insert  reading  material  when  the  spool  is  in  motion, 
without  remov  ing  the  cassette  from  the  main  frame. 

2.  The  battery  can  now  be  charged  while  the  unit  is  being  oper- 
ated from  a I I 5-Y  a.c.  source. 

.'1.  The  original  hand  switch  was  replaced  by  several  additional 
switch  controls: 

(a)  Mouth  Switch  Sensitive  switches  at  the  top  and  bottom 
of  the  mouth  switch  can  easily  be  touched  by  the  tongue, 
lips,  or  chin.  Touching  the  bottom  of  the  mouth  switch 
causes  the  reading  material  to  move  forward;  touching 
the  top  produces  a reverse  movement.  The  mouth  switch 
attaches  to  a gooseneck  on  the  dev  ice. 

(h)  Built-in  Hand  Switch  A hand  switch  on  the  upper  center 
portion  of  the  recessed  control  panel  moves  the  material 
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I li.l  K1  S.iltus  Kt'.itliiu;  Swtcm.  I ini’tlm isr 
m.ikt  •»  it  i .isn  i to  him  1 1 it  .itliiii;  material. 


loiwunl  .mil  backward. 

(c)  I'oruuiil  Adjustment  Double  I'luow  Switeh  A s 
ilu-  I own  rielu  hand  cotnct  ol  the  recessed  com 
operates  tin1  spool  either  one  p.i.ne  .n  .1  time  o 
mmsl\  while  the  swilelt  is  depressed. 

pi)  Reverse  Adjustment  Double  lltrow  Switeli  A s 
the  tippet  right  h.tinl  eoniei  of  the  recessed  eonti 
either  .mtom.itie.ilK  rewinds  one  page  .it  .1  time 
(imioustv  while  the  switch  is  ileptesseil. 


in  is  now  ,t\ 


the  S.iltus  Reading  System  .should  leiluee 
, and  its  optional  mouth  switeh  should  he 
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of  practical  value  for  independent  use  by  high-level  quadriplegics. 

The  Saltus  Reading  System  is  mechanically  and  electrically  safe. 
It  offers  those  with  upper-limb  paralysis  a degree  of  reading  inde- 
pendence. Its  advantages  over  some  page-turning  devices  are  that  it 
operates  reliably  once  it  is  set  up,  and  it  can  be  easily  adapted  to 
various  user  controls,  including  interfacing  with  an  environmental 
control  system. 

These  advantages  are  achieved  at  the  expense  of  considerable 
loading  time  and  the  necessity  to  purchase  publications  in  dupli- 
cate. It  is  therefore  recommended  that  the  device  be  approved  for 
general  use  by  interested  veterans  and  institutions  where  its  advan- 
tages as  well  as  its  disadvantages  are  recognized. 

3.  Mobility  Aids 

a.  Freewheeler  Power  Wheelchair.  The  Frcewhcelcr  Power 
Wheelchair  (Fig.  3),  manufactured  and  marketed  by  the  American 
Stair-Glide  Corp.,  Grandview,  Missouri,  (BPR  10-26,  pp.  228-229) 
is  a portable,  lightweight,  aluminum,  power  wheelchair  for  para- 
plegics and  low-level-injury  quadriplegics. 

One  unit  was  evaluated  for  safety,  effectiveness,  and  usefulness. 
Engineering  tests  and  clinical  trials  were  conducted  at  two  VA 
hospitals.  The  Frcewhcelcr  Power  Wheelchair  was  unstable  out- 
doors (on  some  level  surfaces  as  well  as  on  inclines)  and  it  failed 
to  meet  proposed  VA  safety,  dimension,  and  operation  standards 
for  wheelchairs. 

b.  Electronic  Power  Conversion  Kit  For  Wheelchairs.  The  Elec- 
tronic Power  Conversion  Kit  for  Wheelchairs  (Fig.  4 and  5)  can 
convert  most  American  manual  wheelchair  models  to  electrically 
powered  wheelchairs  (BPR  10-26,  p.  246,  and  BPR  10-28,  p.  102). 
The  device  is  manufactured  and  marketed  by  Solo  Products,  West 
Sacramento,  California.  It  consists  of  left-side  and  right-side  drive 
assemblies,  battery  case  with  attached  electronics  compartment, 
hand-operated  proportional-control  joystick  on  an  adjustable 
bracket,  and  battery  charger. 

One  Mark  11  model  was  evaluated  for  safety,  effectiveness,  and 
utility  as  an  add-on  system  to  power  manual  wheelchairs.  During 
the  evaluation,  the  charging  circuitry  malfunctioned  and  the  com- 
pany replaced  the  original  Mark  II  model  with  their  Mark  III 
model.  Both  models  underwent  performance  tests,  and  clinical 
trials  of  both  models  were  conducted  at  the  VA  Hospital,  Castle 
Point,  New  York,  and  in  the  home  of  an  outpatient.  While  the 
power  package  performed  adequately,  the  joystick  control  was 
jerky  during  high-speed  acceleration  and  the  dynamic  braking  of  the 
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1 U.l'Kl  .S.  I itt'whcclt'r  pt>uri  wluvMuir. 

tlri\ c.’  system  i .mscd  the  chair  to  stop  ahrupth . 

1 he  device  w.ts  returned  to  the  manul'acturcr  lor  modifications, 
e.  r.ltTtnc  tiuck -AYe/nier  Kit.  lire  Klcclric  Back  Rcclinci  Kit 
(l  i.U.  (>  and  , m. mul. letured  and  marketed  In  Ceneral  1 eleoper 

•ilors  ne..  Downey.  California.  converts  all  eleetriealK  powered 
wheelchairs  with  sc.ni-rcclininn  hacks.  Alter  emersion  the  chair 
has  an  electrically  powered  l‘iill-rcelhiiiij>  hack  (HI'R  I 0-28.  p.  | 

• 'vo  units  were  evaluated:  one  hy  the  Dental  Service  at  the 
(.asde  ro.ni  New  York.  \ A Hospital  and  one  In  a .piadriplcv-ie 
with  a .hsahih.y  level  of  C4.5  who  needed  the  rcclinini-  Icaiurcs  ol 
a wheelchair  to  relieve  pressure  under  the  huttoeks 
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I’KiUKF  4.  f-’lci  tronk'  Power  Conversion  Kit  tot  wheetefuirs. 


Boll)  units  performed  unsatisfactorily.  While  the  back  of  t lie 
wheelchair  reclined,  the  let’s  remained  unraised,  thereby  producing 
poor  posture.  In  addition,  the  control  switch  for  activating  the  re- 
clining process  was  overly  sensitive,  with  the  result  that  any  degree 
of  carelessness  by  the  user  in  manipulating  the  switch  caused  the 
recliner  back  to  move  in  the  opposite  direction  from  that  desired. 
1'his  makes  it  extremely  difficult  for  most  quadriplegics  to  operate 
the  control  independently  and  requires  that  an  attendant  he  on 
hand  to  effect  reclining.  The  Klcctric  Back-Rcclincr  is  therefore  not 
recommended  for  veteran  beneficiaries. 

d.  Icarus  luisy  Transfer  Wheelchair  Attachment.  The  Icarus  F.asy 
Transfer  Wheelchair  Attachment  (Fig.  N,  f),  and  1 0),  manufactured 
by  Icarus  Health  Aids  l.td.,  Netanya,  Israel,  is  a permanenth  at- 
tached wheelchair  transfer  hoard.  The  device  is  unique  because, 
when  mounted  in  its  folded  position  (not  in  use),  it  replaces  the 
wheelchair’s  ski)  (guard.  (The  skirlguard  must  he  removed  to  accom- 
modate the  device.) 

The  device  can  be  used  on  all  standard  wheelchairs  with  remov- 
able armrests  except  amputee  chairs.  It  cannot  he  used  on  amputee 
chairs  because  the  brake  on  the  retractable  unit  cannot  reach  the 
wheel  on  an  amputee  wheelchair,  as  the  wheelchair’s  drive  wheels 
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6.  K.Urtru  hack-reditur  kit  components, 


r lliURE  /.  Fotvcral  wheelchair  amvcrt 
i d to  lull  h i liner  with  addition  of  F.lcctru 
Back-Rcdincr  Kit. 


I'  K.l'RK  8.  Components  of  learns  Kas\  Transfer  Wheelchair  Attachment. 


.nr  sol  back  loo  lar.  Also  il  the  tubular  member  at  the  lower  rear 
I runic  ( t ippinn  aid)  projects  out  by  more  than  4.5  in.  (I  1,43  cm), 
it  would  require  shortening,  thereby  permanently  altering  the  chair. 

II  the  user  is  required  to  transfer  from  his  wheelchair  to  an 
automobile  with  the  device,  this  can  only  be  accomplished  with 
extensive  maneuvering. 

1 he  device  is  currently  undergoing  clinical  evaluation. 

e.  .1  rroiv  II  luvlt'hair.  I he  Arrow  Wheelchair  (Fig.  11)  is  manu- 
factured h\  the  Fate  City  Manufacturing  Co.,  F.ric,  Pennsylvania. 
It  is  an  inexpensive,  manually  operated  wheelchair.  It  has  a chrome- 
plated  tubular  steel  Iramc,  with  a double-cross  flat  steel  brace  struc- 
ture that  is  riveted  at  all  joints  and  welded  to  the  outir  tubular 
frame. 

Two  Arrow  Wheelchairs  (Model  No.  (>32)  were  evaluated  for 
salety . effectiveness  and  utility.  They  were  checked  in  accordance 
with  current  “V.A.  Proposed  Standards  for  Wheelchairs,  Self- 
Propelled,  Folding,  Multipurpose,”  and  clinical  trials  were  con- 
ducted at  the  VA  Hospital,  Castle  Point,  New  York.  They  were 
returned  to  the  manufacturer  with  recommendations  for  improve- 
ment. 
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l he  walker  underwent  supervised  clinical  trials  and  laboratory 
compliance  testing,  and  it  did  not  meet  acceptable  standards 
throughout  both  of  these  tests  (BPR  10-27,  pp.  105-106).  It  was 
used  by  several  patients  at  the  Castle  Point,  New  York,  VA  Hos- 
pital: these  patients  unanimously  rejected  the  walker  because  its 
design  prevented  them  from  walking  with  proper  ambulation  tech- 
niques. They  were  required  to  exercise  extreme  care  in  preventing 
their  knees  or  legs  from  hitting  the  device  when  in  use,  and  the 
concept  of  carrying  objects  on  the  tray  was  far  from  ideal  since 
they  tended  to  concentrate  more  on  the  contents  of  the  tray  than 
on  their  ambulation. 

In  addition,  the  Walker  Tray  was  subjected  to  laboratory  tests 
for  compliance  with  VA  Specifications  No.  X-1460,  dated  Novem- 
ber 27,  1967:  it  lailed  to  meet  specifications  on  a number  of  points. 

4.  Body  Support  Systems 

E-Y.  Patient  Turning  System.  The  E-Z  Patient  Turning  System, 
Model  520  (Fig.  13,  14,  and  15),  is  commercially  available  from 
Physical  Aids,  Inc.,  El  Cajon,  California.  It  is  an  inflatable,  two- 
section  air  mattress  that  is  designed  to  turn  a bedridden  patient 
gently  from  a center,  supine,  position  in  the  bed  to  a maximum 
angle  of  approximately  45  deg,  to  prevent  decubitus  ulcers. 

The  system  employs  a laminated  air  mattress  of  vinyl  and  nylon 
that  is  scaled  down  the  center  to  create  two  halves.  A small  20-lb 
(9.07  kg)  air  pump  diat  plugs  into  a standard  110-V  a.c.  wall 
socket  is  used  to  inflate  or  deflate  the  air  mattress:  each  half  of 
the  mattress  is  independently  inflated  or  deflated.  The  pump  shuts 
off  automatically  when  the  mattress  is  fully  inflated. 

The  device  was  evaluated  in  the  Spinal  Cord  Injury  (SCI)  Service 
at  the  Castle  Point,  New  York,  VA  Hospital.  The  patient,  who  was 
obese,  was  uncomfortable  when  the  mattress  was  inflated  because 
his  area  for  movement  was  limited.  In  addition,  the  mattress,  which 
is  covered  with  a heavy  material,  prevented  the  air  from  circulating 
under  the  patient,  causing  him  to  sweat  and  develop  a skin  abrasion. 

The  device  was  then  evaluated  by  the  VA  Hospital,  Castle  Point, 
Medical  Service  staff.  One  of  two  participating  patients  used  the 
device  for  nine  24-hour  days,  and  the  other  patient  used  it  for 
sixty  24-hour  days.  While  the  mattress  was  useful  and  provided 
good  support  for  the  back,  the  nursing  staff  recommended  that  it 
should  be  lengthened  to  cover  the  bed  completely,  and  that  a timer 
be  incorporated  to  activate  the  inflatc-dcflatc  cycle  at  set  intervals. 
This  feature  would  be  useful  when  the  nursing  staff  is  busy  because 
it  would  turn  the  patient  automatically.  A patient-operated  control 
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would  also  greatly  nilianif  tin-  usefulness  of  the  device. 

In  each  case,  the  patient  had  experienced  severe  pain  when 
turned  manually  by  the  stall.  By  contrast,  the  slow  turning  move- 
ment ol  the  K-Z  I’alient  Turning  System  eliminated  most  of  this 
pain.  However,  when  the  device  was  tried  with  a multiple  sclerosis 
patient  with  contractures,  it  proved  to  he  ineffective. 


II.  COMPLIANCE  TESTING 

A.  Standards  Development 

I he  third  draft  of  "Standard  Functional  Requirements  For 
Lower  l.imb  Prosthetic  Assemblies  & Components,”  incorporating 
the  recommendations  of  the  Philadelphia  ISI’O  Conference,  has 
been  reviewed  by  the  participants  (see  BPR  10-18). 

The  (halt,  including  comments  and  corrections  from  the  con- 
ferees, was  forwarded  to  the  ASTM  Committee  on  Orthoties  and 
F.xternal  Prosthetics  ( F - 1 9).  I his  commit  tee,  a peer  group  im  hiding 
\ A PC  personnel,  was  chartered  to  promulgate  American  standards 
that  are  arrived-at  by  consensus. 

B.  Compliance  Testing 

Corset  Material 

Four  manufacturers  submitted  coutil  fabric  samples  (Beach)  for 
shrinkage  tests:  Camp  International,  Jackson,  Michigan;  Kellogg 
Industries,  Inc.,  Jackson,  Michigan;  Mcdipcdic  Surgical  Supply  Co., 
Warrior,  Alabama;  and  A I CO  Surgical  Co.,  Cuyahoga  Falls,  Ohio. 
All  of  the  samples  complied  with  the  specifications  contained  in 
Solicitation  No.  5244-1  1-78. 


III.  THE  VAPC  CLINIC  TEAM 

The  breakdown  in  Table  1,  of  the  veterans  treated  by  the  VAPC 
Clinic  leant  lor  the  latter  hall  ol  1977,  represents  a typical 
6-ntonth  case  load  that  is  similar  to  those  presented  in  previous 
issues  ol  BPR.  Of  the  total  number  treated,  .r>  were  World  War  I 
veterans,  386  were  World  War  II  veterans,  10  were  Korean  War  vet- 
erans, 142  were  Vietnam  War  veterans;  465  were  treated  for  effects 
of  service-connected  injuries  and  78  for  non-service-connected 
problems.  In  addition,  there  were  5 Israeli,  1 Australian,  and  I F.x- 
Impcrial  veterans,  and  2 non-veterans  on  an  experimental  basis. 
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I Alii  1 I.  Hri  aktlitu  n ot  I'dtn  nt  Iti \abihti*  i Jut\  l In  lUn  m6.‘r  11.1*177 


Amputation 

\ru  ol  1 1 1 v nl  v t nirni 

Npet  iht  level  ot  involvement 

Number  ol  patients 

1 »*wn  limb  unilateral 

lit  low  kilt  t 

[ 

1 7f> 

Abov  e Klin 

1 22 

1 ransmalleolar  (Svme’s) 

:i 

Hip  (l)isar  tn  illation) 

7 

Lower-limb  bilateral 

lit  low  -Knee 

IN 

Abov  ekliee/tietow  -kite* 

5 

Abov t knee 

11 

1 ransmalleolar  (S\  m<  \) 

•» 

Below  -knee/ 1 ransinallc olar  (S\  me*s) 

1 

I’pjH  r-limb  unilateral 

lit  low  -Llbow 

to 

Above- Llbow 

4 

Upper-limb  bilateral 

Above  Llbow 

5 

l.ower  limb  ami 

Abov i k net  / Abov < Llbow 

•» 

( rpper-limb 

Abtivt  knee/Sboulilt-r  (l)isar tic  ulatiou) 

i 

Triple 

Above-K nt  t ‘/licit >vv -knee/ Bel ovv -Llbow 

i 

Abov  e-K  nee/Abt»v  e- Llbow  /Below- Llbow 

i 

Below -knee/Helow  knee/ Below -Llbow 

i 

i 

369  lni.ll 

Neuromuscular  or  Skeletal  Impairment 

Lower-limb  unilateral 

• 

Ankle-Loot 

111 

Lower-limb  bilateral 

Anklet  oot 

8 

Knee-Ankle  T tint 

10 

Upper-limb  unilateral 

Attn-  Llbow  - Lore  arm ; VS  t vst  1 1 ami 

9 

Trunk 

Lumbos.u  r.il  spine 

5 

Miscellaneous 

Varied  (wheelchairs,  shoes,  etc.) 

34 

1 

177  Total 

KKK  A HM 

I hi  illusiralinn  used  in  .Irpii  t ihi  I /.  Was  Cli.ui  l.ili  m lil'K  10-28,  p.  1 .Mi,  is  in  error, 
l ire  illustration  shown  is  ih.it  ol  ilu-  Compass  V'an. 
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HIGHLIGHTS  OF  OTHER  RESEARCH  PROGRAMS 

PROSTHETICS 

/'  h\ 

I uvjenc  I Murphv , I’ll.  I , 1 )nci  ini 

OMiu  i<l  1 ci  huolo^N  1 1 .nisti  i 
\ « tt  i.uiN  Xdimiiistiatioii 
-r»L’  Seventh  \\» mir 
V vv  \otk.  \ \ 10001 


Prosthetics  Rrsc.m  li 

Northwestern  liiivcisitv,  Prosthetics  Research  Laboratory 
Room  14-1 1 , llT’i  Last  Superior  Street 
( ihicaipi,  Illinois  (>()(>  | | 

Robert  G.  Ihompson,  M l),  ami  Dudley  S.  Childress,  I’ll.  I). 

Synergetic  Hook  Preliminary  Evaluation 

\ |>ielimin.u\  small  scale  ilmical  evaluation  ol  the  sviicri’eth 
hook,  coitdtn  teil  h\  the  \ etc  tans  Administration  Prosthclh  s Celt  let 
and  the  Rescan  h Ccntct  lot  1‘roslheties,  has  hern  completed. 
thom;h  this  lahoiatotv  has  not  received  a final  report,  personal  e< 
tai  l with  t he  e\ aln.it ots,  patients,  and  prosthetists  indicates  that  tL 
tesnlts  are  ccnciallv  favorable.  Rased  on  the  information  thus  re 
u'tieil,  seveial  > h,nn;es  are  heint;  made  and  incorporated  into  one 
hook  loi  preliminary  evaluation  hv  this  lahoiatotv,  to  he  followed 
In  a more  extensive  i linn  al  evaluation. 

1 he  impoitatu  changes  heint’  made  are:  (i)  reversal  ol  slow  and 
last  Impels,  with  It  puts  the  last  linj’ci  on  the  medial  side;(ii)  cant- 
ini’  the  entire  hook  so  that  the  amputee  can  approach  and  grip  an 
objcv  t in  the  same  attitude  as  with  a i otivcntion.il  hook  (such  as  the 
Uotrance  ,"i\);  |tu)  change  to  lovvet  voltaic  motors  to  reduce  the 
battery  si/e;  (iv)  use  of  a current  cut  off  to  the  fast  motor,  to  elim- 
inate battery  drain  mulct  stall  conditions. 

I hcsc  changes  are  hems;  made  m addition  to  the  chances  discussed 
m the  last  report. 

Powered  Arm  for  Shoulder  Disarticulation  Amputees 

Ihe  previous  report  discussed  the  feedback  mechanism  fitted  to 
a VAI’C  elbow  (Hl’R  10-28,  LLr>).  An  electric  vv list  rotator  with  a 
similar  servomechanism  has  been  added.  Sterno -elav ietilai  position 
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t a ,ht  tcch,u<lut-  been  modified  to  accommodate  the 

p.oxm.a  motion  o the  sol.  tissues  when  the  prosthesis  is  donned 
I 1S  d,,,U’  b>  !,ulll,,«  two  layers  of  tube  gauze  over  the  limb  and 
2S"»  " •»  the  imprussiini”^ 


Lightweight  Below-Knee  Prostheses 

Work  on  the  lightweight  polypropylene  prosthesis  design  has 
,VuTl  T n laboratory  in  cooperation 

m I*  sd  |,Ur  ° lht‘  AmCrican  A<J(lcmV  of  Ortho, ists 

fi  n I , sponsored  a workshop  on  the  fabrication  and 

« ol  the  p.osthests.  I he  workshop  was  attended  by  12  prosthe- 
tsts  ln„n  the  private  sector.  The  attendees  fabricated  six  light- 
weight prostheses,  lour  ol  which  were  fitted  to  amputees.  ^ 


Temporary  Thermoplastic  B/K  Prostheses 


( A u jnporary  prosthesis  for  below-knee  amputees  is  being  invest!- 
\ \ ’ |L°  'I.S  \’[  a low-temperature  thermoplastic  inner  socket 

■ Atjuaplast  (fig.  1)  and  an  outer  socket  of  polypropylene  which  is 


FIGURE  2.— Polypropylene  outer  socket 
and  PVC  (polyvinyl  chloride)  pylon 
attached  to  the  foot. 
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I iiml.mu-iii.il  ami  A|t|ili«-«l  Kcscarch  KrLilt'tl  l»>  tlu-  Design  ami 

Development  ol  l ppcr-l.imh  l \tcrnallv  I’numd  Prosthesis 
l imnMh  ol  l alilornia,  l.m  Angeles 
School  of  l.ngmccring  ami  Applied  Science 
biotechnology  laboratory,  SI  1(>  Ingmccring  I 
I.m  Angeles,  Caliloruin  *IOOJ  I 

John  II.  I. Milan,  I’ll.  I).  Aiiio*  frccdy,  I’ll.  1).,  Konalil  I'rior.  I’ll.  !>.. 

ami  Moshc  Solomonou,  I’h.  I). 

Neurophysiological  Studies 

/ It- 1 trohu  tlh  Sensory  1 n/> 

l lu  objective  ol  this  ptojcci  is  to  dev  clop  a general  clinical  appli 
cations  methodology  toi  clci  u otacl i li'  sensory  aids  loi  amputees 
using  limit  prosthesis,  ami  lor  t its.-  Itliml,  tlu-  chat,  ami  spinal  cord 
mimed  patients. 

I lu  project  lias  lu-i'ii  conducted  in  iIiiit  parallel  routes: 

I Collection  ot  basu  ilata  on  tlu-  response  ol  cutaneous  rccep- 
lois  to  smiuliancous  multi  stimuli; 

Development  ol  optimal  multichannel  clcctrotactilc  displays 
based  on  the  basic  data;  ami 

’•  I >cv elopmeiit  ol  application  specific ations  for  several  sensory 
aids  lot  amputees,  anil  lot  blind  andile.il  patients. 

Ihe  two  point  discrimination  theory  has  been  developed  as  a 
design  concept  loi  tactile  sensorv  aid  displays.  Ihe  ll’Dl  (two 
point  discrimination  threshold),  as  a function  ol  body  site,  lateral 
its.  Itci|ucncy.  stimulation  miles,  stimulus  pulse  width  and  pulse 
tune  delay,  has  been  e\periinentall\  defined.  Ihe  effect  of  the 
1 1*1)1  variations  in  Iona  ami  short  time  periods,  11*1)1'  hysteresis  for 
ascending  and  descending  thresholds,  and  electrode  si/e,  are  being 
tin  estimated. 

I lure  classes  ol  optimal  displays  have  been  developed:  space 
optimal.  Irctpicncv  optimal,  and  spaee-lrei|ueney  optimal.  Ailili 
tional  upgrading  ot  the  display  types  is  being  done  concurrently 
with  the  additional  data  obtained  regarding  the  11*1 ) 1 response  as  a 
(unction  ol  several  variables. 

Application  ol  the  11*1)1'  data  and  theory  is  currently  directed 
toward  several  sensorv  aids  in  the  tactile,  kinesthetic,  visual,  and 
auditory  categories. 

/ motional  \furomusfulur  Stimulation  of  I imbs 

A new  project  has  been  initiated  in  collaboration  with  Dr.  Moshc 
Solomonou  ol  the  l Cl. A biotechnology  l„iboratorv  . Dr.  John 
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Other  VA  Research  Programs 


Foster  of  the  VA  Hospital,  Brentwood,  California,  and  Dr.  F. 
lddred  of  the  UCLA  Brain  Research  Institute.  The  program  ob- 
jectives are  to  develop  an  advanced  functional  neuromuscular  stimu- 
lation (FNS)  technique,  with  a goal  toward  allowing  proportional 
control  of  paralyzed  muscles. 

A control  scheme  utilizing  a proximal  supramaximal  driving 
stimulus  at  60  pps  (60  Hz)  in  conjunction  with  simultaneous  distal 
partial  block  stimulus  at  600  pps  (600  Hz),  both  placed  on  a mixed 
peripheral  nerve,  is  being  tested  for  feasibility. 

Data  to  date  have  demonstrated  that  three  control  variables  have 
potential  for  proportional  muscle  contraction: 

1 . Block  pulse-amplitude  variations  of  the  subthreshold  to 
suprathreshold  range; 

2.  Block  pulse-width  variations  in  the  range  of  10  ps-500  ps; 

3.  Block  frequency  variations  in  the  range  100  pps- 1000  pps 
(100  Hz- 1000  Hz). 

Efforts  are  currently  directed  toward  quantification  of  the  data 
and  definition  of  optimal  block  parameters  for  maximal  dynamic 
range  of  proportional  muscular  contraction. 

Upper-Limb  Prosthesis  Project  Using  Microprocessor  Hardware 

All  subsystems,  including  the  prosthesis  structure,  the  control 
circuitry,  belt-mounted  microprocessor,  myoelectric  amplifiers,  and 
ADC  were  built,  tested,  and  debugged.  The  pattern  recognition  soft- 
ware was  also  tested,  on  the  portable  system,  and  is  ready  to  be 
evaluated.  Current  efforts  are  directed  toward  the  selection  of 
several  amputee  subjects,  to  cooperate  in  the  clinical  evaluation  and 
system  integration  program  planned  for  the  remainder  of  this  year. 

Evaluation  of  Medical  Manipulators 

The  Biotechnology  Laboratory  at  UCLA  has  continued  to  imple- 
ment its  three-stage  evaluation  protocol  on  remote  medical  manipu- 
lators. This  report  will  summarize  the  progress  throughout  the 
evaluation  of  the  manipulator  systems  which  were  received  from 
the  Veterans  Administration. 

1.  Rancho  Los  Amigos  Remote  Manipulator  No.  12  (Golden  Arm) 

Articulated  Seven-Degrees-of-Frecdom  Remote  Manipulator 

After  a full  bench-testing  phase,  the  Golden  Arm  was  introduced 
into  our  clinical  evaluation  stage  at  the  VA  Hospital,  Long  Beach, 
California.  The  parameters  of  interest  were  patient  speed,  accuracy, 
functional  range,  control  modality,  and  subjective  acceptance. 
Objective  tests  were  designed  to  assess  the  patient/manipulator 
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1,1  ( lifvf  w Ini  li  iripuir  Irannm;  .mil  pi,u  m r m ,u  u\ i 

lirs  i>l  il.iilv  In  iiij*. 

In  simiiii.n s , 1 1n-  i I'sulis  1 1 til ii  .Hi-  l.isii'i  It  , imm^  sprnl,  m pn 
Imniatur  lists,  with  ,i  ptnpnttimi.il  i uiiiinl  im  iliinl  llnwiMi, 
I'.llHIIIs  llsmK  l III-  "li.illi;  li.uli;"  sss  III  h 1 1 >1 1 1 1 1 >1  t's  1 .1 1 1 1 Is  1 1 ,t  Iraintlli; 
pl.lli  .ill , ,i  1 1 1' i llllli',  ,il  alii  ill  l I In'  s.uiii'  | iri  1 1 1|  n i,i hi  r li'\  |-|  ,i>  1 1.| | |i'| its 
usiiti;  i In'  |>iii|nn  iimi.il  1 1 >n 1 1 1 1|  (.ili, mi  I .Tt  min  lu^li  an  ui.u  v mn\r 
iiu  ii  I ) I lir  ini|i|ii  at  inn  is  ilia  l i Ins  plat  ran  t r I In  is  a s\  sir  m liimi.i 
linn  i .•  t lie  i 1 1 la  1 1 a patirul  prilniniaiiir  Imm. 

I Holst  i lists  r lulls;  trim  iiinniini  tin;  wnli  a Swnlish  I IMS  iiiuiu 
1 1 iim  ii'i  si  rm  lias  lirrn  nisiiiiiinl.  ami  paiiriu  iisr  will  In-  m.  .iiiim 
ril  ami  in  nulril  I Ins  irnml  will  In-  uiaiiiiaiiinl  aliri  i In-  p.mriii 
Irairs  I In'  ilum,  as  an  iiuln  aim  n|  niainpiilaim  titilin  m a ilailv 
In  nil,  sitiialimi. 

/ 1 /,  ii  iipnh;  Miini/'iiliiltir  Wn,/,/i 

I wn  trlrsi  i ipiilv*  lllmlrls  wnr  rialualnl  ilnmu;li  ilir  In'in  Ii  irsl 
pilin'  nl  mn  r\ alnal nni  Our  was  \mrr  imiiinllnl  (ilir  Santa 
H.ii  li.u  a \ «'ii  i'  ( mil i nl  S\  s|  rm  U I lir  nlliri  was  pi  npm  l imial  |i>\  si  n k 
i nil 1 1 1 illi'il 

Hi  Imr  I Ins  wniilil  In'  siulalilr  Ini  ilinii.il  rvalliaUmi,  Until 
1 1 1 1 si  i ipnii;  iiianipula I m s w ri r I niniil  in  nrnl  majm  tumlil  tralimi  in 
ilainpim;,  irlrsiupr  rMriisnni  ami  trti.n  linn,  ami  in  tin  pirlu'nsinn 
siil>s\  sirni.  l lu'sr  ninililirainms  air  ninrnlK  In  iin;  rllninl  li\ 
(<rnn.il  I rlrnpri.ilms,  Ini  . 

I In  ' S, in  hi  K,iiIuii\i  Ini,,  Control  Swh  in  was  irsinl  Ini  prirrni 
irmijintimi  i.itr  ami  m ilrtrininir  it  ilirir  was  aus  rttrrl  mi  tlt.u 
iri  i u;>ii linn  tali'  l>\  i In'  nulri  anil  i mnlunalimi  nl  ilir  , minnaml 
wm  *1'  tin'll  |rn  at  Ur  ilia  I inn  i-l  In  0 In  stmun.ni  . ilir  irsults  unlu  air 
lliai  with  iisr  nt  I In-  irii.uuinu  Irainir,  ilir  III  ivnul  inraHulaii  nl 
ilir  s\ sirni  inulil  In-  pmrrssnl  at  al>n\r  a HO  prirrnt  irrn^niumi 
i atr . I lirir  wrir  im  si^iuln  aui  rn  aim  illation  rtirrts  in  iln-  iwn 
wnnl  i miimaml  si'niirurrs. 

> l> i.  Johns  Hopkins  Miim/m/ntor  plus  i\\*rk tabic  Swt<  »i  Hus 
>\ sirni  was  hrin#  Hrnrli  irsinl  wlirn  an  rlrriiir.il  prnMrni  ilnrl 
npril  in  I hr  runlinl  riu  uiln  . I l'.r  pt  i'lilrin  was  rni  in  tril  Hi  ilir 
Johns  llnpkins  \pplinl  I’livsii  s l.aHmaion . ami  lu  nrli  irsiun;  nl 
ilir  sxstrui  lias  ii'suntnl.  I nllnwim;  rmnplrlinn  nl  ilir  rm;inrri mi; 
r\ alnal  inn,  tin-  manipiilatm  svsinu  will  Hr  rvalualril  in  a rlnur.il 
sriiin^. 


108 


Other  VA  Research  Programs 


Control  of  an  Artificial  I'pper-l.imb  Prosthesis  in  Several  Degrees 
of  freedom 

Department  of  electrical  engineering 
Colorado  State  University 
Fort  Collins,  Colorado  80 
Daniel  Cranpc,  I'll.  D. 

Work  on  the  imihilniH  lion.il  above-elbow  prosthesis,  during  the 
report’s  ti  month  period  (July  I,  1077-Dec.  .‘II,  l!>77),  has  been 
spent  on  preparing  a number  ol  demonstrations  ol  the  system  to 
V’A-arrangcd  site  visitors.  He  were  asked  to  demonstrate  that  we  are 
able  to  discriminate  among  several  limb  functions  from  a single 
muscle  signal  site.  Ibis  has  been  successfully  demonstrated  and 
reports  from  the  site  visits  testily  clearly  to  this. 

It  appeared  that  there  was  difficulty  in  understanding  the  con 
cept  that  cross-talk  between  two  muscles  could  be  used  (rather 
than  being  littered  out)  it  surface  electrodes  were  located  between 
two  muscles  (such  as  between  the  biceps  and  triceps  muscles)  so  as 
to  maximize  cross  talk,  by  processing  the  complete  inhumation  in 
such  a signal,  through  modern  time  series  analy  sis  techniques  and 
using  microprocessor  hardware,  we  can  accomplish  the  disci imina 
lion  described,  such  that  several  limb  functions  can  be  reliably 
actuated  from  a single  signal  source. 

(lie  understanding  ol  this  concept  is  analogous  to  that  ol  the 
problem  ol  discrimination  between  “Yes”  anil  "No”  when  it  is  well 
known  that  the  level  of  speech  in  pronouncing  the  words  cannot, 
alone,  yield  discrimination  between  the  two  words.  It  was  as  il  we 
were  looking  at  all  parameters  of  the  time  series  ol  the  signals  “Yes" 
and  “No",  rather  than  at  the  level  (speech  power)  ol  these  words, 
such  that  discrimination  becomes  possible. 

We  differ  considerably  (and  not  at  all  surprisingly)  from  investi- 
gators accustomed  to  considering  signal  level  (power)  alone. 

Our  demonstrations  were  all  based  on  using  a real  time  micro- 
processor (Intel  8080)  system. 

In  addition  to  the  "mere”  ability  to  discriminate  between  limb 
functions  from  a single  signal  site,  we  have  found  and  demonstrated 
that  the  time  series  parameters  are  almost  independent  of  the  level 
of  actuation,  to  indicate  the  feasibility  of  employing  signal  level  for 
proportional  specd/torquc  control.  Also,  we  have  shown  that  para- 
meter values  were  repeatable  within  a very  few  percent  from  visit 
to  visit  (over  several  months),  even  though  the  electrode  location 
varied  at  ±0.5  cm.  Furthermore,  we  have  shown  in  these  demonstra- 
tions that,  on  non  amputees,  parameters  for  a given  electrode  loca- 
tion and  for  a given  limb  function  varied  only  by  a few  percent 
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liom  prison  to  prison,  .ijjaiit  wnh  lor.ilions  vviihiu  O.ft  cm.  at  lust. 
I In  l.itiri  irsiill  points  to  thr  possibhlv  ol  mini;  out  approach  also 
lot  iliaitnosiin;  muscular  and  neural  disorders  in  amputees  and  in 
non  ainputrrs,  thr  diagnosis  bcini;  dependent  on  cstahlishini;  a 
ItluaiN  ol  parameter  valui's  per  vpvcn  disorder. 

All  ol  the  capabilities  demonstrated  and  the  possihililies  nidi 
.ate, I here  requite  clinical  testim;.  We  ha\e  established  cooperation 
null  John  boswick.  M.D.,  ol  the  I'nivcrsitv  ol  Colorado  Medical 
School.  Colorado  Crucial  Hospital,  in  Demer.  Colorado,  and  the 
\ A Hospital.  Denver.  We  are.  therefore,  ten  hopeful  that  with  the 
vast  clini,  al  experience  ol  Hi . bosw  i,  k.  mcunint>lul  dim,  al  tests  will 
be  possible  in  the  neat  future. 

I ''"i'Vs  'l'1'  period  ol  this  report,  a second  patent  application  has 
been  prepared  on  the  above  work,  m addition  to  the  reccnth 
awarded  I S Patent  No.  1.030.1  II  In  I).  Craupe.  I lie  latter  patent 
has  been  liled  in  several  foreign  countries. 

• m.dlv.  several  papers  on  this  work  have  appeared  01  have  been 
accepted  lor  publication,  durum  this  six  month  period,  to  hrin^  the 
total  number  ol  publications  on  this  project  to  HI.  ex, hiding 
u poits  and  .uni's t lectures,  and  also  excluding  several  discussions  of 
this  woik  in  survevs  and  review  papers  published  In  workers  who 
.in*  Mol  nu'itilxTN  ol  i Ins  croup. 

A report  ol  a IVet  Review  has  been  submitted  to  the  VA  ,lurini> 
the  same  period. 


I’osition  Control  of  Above-KIbovv  1’rostheses 

Department  ol  l.njpnccrini;  Design  and  l.eouomie  I. valuation 

l'.nt>inccrini<  Center  OT  (i-.'M 

l nivevsitx  ol  Colorado  at  boulder 

boulder,  Colorado  80301) 

l.avvrenee  I,.  Carlson,  I’ll.  D. 


1 he  uppei  limb  can  be  thought  ol  as  h.iviua  two  functional 
, oniponents:  a uraspiny  dev  ice  (the  hand)  and  a means  to  position 
the  hand  in  space.  Direct  position  control  oilers  main  advantages 
for  control  lint;  the  latter  task,  fix  tended  ph> 'sioloj-ical  proprioccp- 
tt°n  l1'1’1’).  •'*  developed  in  Scotland  In  David  Simpson,  has  proved 
to  be  a vein  successful  implementation  of  position  control.  I'nfor 
tunatelv . his  system  controls  pneumatic  prostheses  as  fitted  in  the 
l idled  kingdom,  which  are  incompatible  with  the  electric  systems 
as  lit  ted  in  t his  , oimtry . 

Ilu  basi,  piin,  ipleol  I'.I’P  is  to  use  relative  body  displacement  to 
control  prosthesis  displacement  directly.  A mechanical  feedback 
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link  I rnin  (hf  prosthetic  joint  to  (lu-  inpii i tiaiisducci  link*,  (lie  in 
pul  lo  i In-  output,  tluis  f \ tending  t lif  holly's  proprioception  into 
llii'  pi  os  l lie  sis . Control  o!  .1  prosthesis  is  therelore  ver\  min  li  like 
foiivfntioii.il  eulile  eontrol  Inn  with  greatly  reiluffil  lone  and 
iMtirsion  requirements. 

I he  goal  ol  this  research  projeet  is  to  develop  an  1. IT  sy  stem  lot 
con  1 1 oiling  a \'.\  clcetrie  elbow  with  a minimum  ol  modification. 
I lie  project  w ill  inehulf  design  ami  evaluation  ol  the  various  com 
poueiits  ol  the  system,  prototype  test iuo  on  normal  subjects,  ami 
evaluation  ol  a relineil  sy  stem  by  amputees.  In  aililition,  studies  w ill 
he  perloimeil  to  evaluate  the  suilahilitv  ol  various  eontrol  sin  s lor 
I IT. 


Interdisciplinary  Development  and  I'. valuation  of  l.xtcrnallv 

Powered  Ippcr-l.imh  Prosllteses  and  Orthoses 
Applied  Physics  Laboratory 
I lie  Johns  Hopkins  I'niversity 
Johns  Hopkins  Knud 
l am  el,  Mary  land  20810 

Woodrow  Seamone  and  (ierhard  Schmeisser,  Jr.,  M.l). 

1 lie  primary  aetivity  during  the  latter  hall  ol  1077  was  the  eon 
tinned  development  and  evaluation  ol  the  powered  medieal  manip 
ulator  system  lor  tin-  high  level  spinal  cord  injured  person.  Ibis 
project  has  Ionised  on  techniques  which  oiler  increased  sell  capa- 
bility , along  with  mobility,  lor  the  quadriplegic.  I’lircc  months  ol 
clinical  evaluation  ol  the  computer-aided  powered  manipulatoi 
were  eomlucted  during  this  period. 

Dual-Purpose  Wheelchair  Controller 

A new  dual  purpose  controller  has  been  designed  lor  an  electric 
wheelchair.  Ibis  device  allows  the  quadriplegic  to  retain  the  mobil 
ill  ol  an  electric  wheelchair  in  conjunction  with  the  ability  to 
operate  the  Jill'  powered  medical  iiianipulator/vvorktahle  system. 
The  selection  and  control  ol  either  mode  is  accomplished  without 
assistance  Irom  an  attendant.  Kigurc  -I  illustrates  a conventional 
chin  operated  wheelchair  controller.  Although  this  controller  pro- 
vides good  controllability,  its  si/.e  and  location  in  Iron!  ol  the  face 
are  undesirable  attributes  ol  this  system;  a patient  in  such  a wheel 
chair  has  mobility  but  cannot  perform  functions  without  help  from 
an  attendant  after  reaching  a particular  location. 
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1 lu-  wheelchair  control  configuration  shown  in  Figures  .r),  (i,  and 
i provides  nood  contiollabilitv  ol  whcclchaii  inobilitv  in  addition 
to  allowing  an  expanded  degree  ol  usage  tor  the  mouthstick.  This  is 
accomplished  with  mininntin  addition  ol  components  over  the 
existing  electric  wheelehaii  system.  One  Invacare  electric  wheelchair 
has  hem  modi  lied  with  the  above  features  and  suecesslul  testing  li.is 
been  accomplished  in  the  Laboratory.  Arrangements  are  now  being 
planned  to  conduct  clinical  testing  with  a quadriplegic  volunteer,  to 
gr  t additional  data  relative  to  this  wheelchair  control  concept  in  an 
actual  user  environment. 

Powered  Manipulator  Design  Improvements 

/.  Optical  Coupler 

1 hi  i hin  controller  (now  located  on  the  wheelchair)  must  ol 
course  also  be  capable  of  operating  the  powered  medical  tnanipula 
tot  on  its  worktable.  Ibis  control  function  is  accomplished  h\  pro 
siding  an  optical  signal  coupler  between  the  wheelchair  and  the 
worktable.  I he  dc  or  proportional  signal  ol  the  chin-control  poten 
tiometer  is  changed  to  I'M.  transmitted  via  an  optical  link  to  the 
table  and  converted  back  to  dc.  1 li is  is  accomplished  b\  using  a 
low-cost  integrated  circuit,  l he  Teledyne  9400  voltage-to-freqiioncy 
converter  ($14.00)  is  used  in  this  application.  The  pulse  input  from 
the  microswitch  on  the  chin  controller  is  transmitted  by  blanking 
thi  I'M  signal  ami  detected  by  a zero-voltage  detector  circuit.  Ibis 
optical  coupling  is  designed  to  function  when  the  wheelchair  is 
driven  to  a location  w ithin  ±12  cm  ol  a designed  alignment  position 
on  the  manipulator  table.  Lilting  up  momentarily  on  the  chin  eon 
t roller  transfers  control  from  the  wheelchair  motor  signal  path  to 
the  .optical  path,  thereby  allowing  the  user  to  select  either  wheel 
chair  mobility  or  manipulator  control.  This  is  accomplished  without 
assistance  from  an  attendant.  Laboratory  demonstrations  with  the 
modified  electric  wheelchair  have  verified  that  this  optical  coupling 
alignment  is  non-critical.  and  the  signal  to  the  manipulator  is  noise 
free. 

2.  Mode  Select /Program  Select 

lhe  Applied  Physics  1 -ibor.it  ory/J  Mil  manipulator  is  controlled 
via  a microprocessor,  as  indicated  in  Figure  8.  This  earlier  system 
used  a time  scan  sequence  for  function  mode  select  and  a two-digit 
numeric  display  lor  the  automated  programs. 

I wo  changes  are  being  explored  to  simplify  the  interface  com- 
mand. These  changes  are: 

a.  The  display  software  has  been  modified  to  allow  the  initial 
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depressing  ill  tin-  thin  controllci  to  i-.ill  up  basic  operating 
luiution.il  motifs  .is  .1  iunction  <>l  how  far  t lit-  thin  lexer  is 
dcpicsscd.  (hue  the  moth'  h.is  hfen  selected,  the  thin  lexer  is 
used  in  its  nonn.tl  proportional  mode  to  tontrol  the  .i\is  of 
motion.  Laboratory  tests  ol  die  niotlilietl  system  indie. tie 
tlt.it  this  method  ol  mode  seleet  is  easier  ill. in  the  time  sean 
mode.  I he  soltware  ol  the  tlniit.il  model  td  the  manipulator 
has  been  modified  with  this  change,  and  field  tests  have  been 
started  to  verify  the  usefulness  ol  the  change. 

A tliittt  alphainiinerie  readout  is  being  examined  as  the 
display  lor  the  automated  programs,  in  lieu  of  the  numerie 
readout  presently  utilized.  1 his  system  has  been  breadboard- 
‘ d using  l.itronix  alphanumerie  display  models  to  display  12 
letters.  I his  display  module  requires  no  support  eireuitry  to 
interlace  "ith  the  microprocessor,  lints,  when  the  user 
selects. program  mode,  this  display  will  directly  read  out  the 
following  listing,  one  line  at  a time,  as  a function  of  how  far 
the  chili  lever  is  depressed 


ANSWER  phone 
DIAL  PHONE 
EAT 

KLEENEX 
LOAD  PAPER 
PARK 


PICK  IT  HOOK 
RETl'RX  HOOK 
RETURN  PI  ION  I 
RETURN  EYPE 
soil1 

I YPEWRITTER 
U A I I.RCOI.OR 


lists  indicate  that  this  method  ol  displaying  stored  program  in- 
lorination  may  he  easier  to  use  than  the  numeric  representation  of 
each  program.  Iests  arc  continuing  to  further  refine  and  evaluate 
this  technique. 


Clinical  Evaluation  Testing  of  the  Computer  Controlled  Powered  Medical 
Manipulator 

I he  computer  controlled  version  ol  this  manipulator  has  been 
undergoing  clinical  testing  by  a quadriplegic,  for  a 3-inonih  period 
as  of  this  reporting  date.  Results  front  these  tests  have  been  very 
encouraging.  I hey  show  a significant  sy  stem  operational  improve- 
ment over  previous  non-computer  models.  Input  effort  is  materially 
reduced  lor  all  tasks,  yet  manual  control  intervention  is  always 
possible.  Self-feeding  and  eating  soup  from  a bowl  now  require 
only  minimal  effort,  lhis  user  has  further  requested  that  the  plate 
rapacity  be  increased  in  order  to  make  sell-lccding  a practical  real- 
ity. A new  ceramic  plate  has  been  fabricated  and  additional  self- 
ceding  exercises  are  planned  to  further  evaluate  this  function. 
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Continuing  Plans 

Soltwuic  .uni  hardware  design  work  in  underway  to  implement 
tlic  capability  t,i  pr» »j^« am  the  manipulator  mure  easily,  with  .1 
Iu1uti1111.il  keyboard  to  execute  desired  .iiitniii.ited  motion  se 
qucuccs.  I In-  software  structure  and  electronic  modifications 
in  icssaty  tot  eomhineil  multi  axis  motion  during  program  mode  are 
being  dclincd. 

C.l  111i1.il  tests  uill  lie  continued  will)  tile  experimental  system  to 
evaluate  design  improvements  as  they  evolve.  One  earlier  model  ol 
the  (III  manipulator  work  table  system  is  being  returned  from  the 
\ A Hospital,  Wist  Koxbury.  Mass.,  lor  relurbisliment  with  the 
mil  roproi  essoi  eoittroller  and  wheelehait  modifications  as  deseribed 
earlier. 


Keseareh  and  Development  in  the  I ield  ol  Art iTieial  l imbs 
Maui  li  I .aboratories 
lO'ka  Dryden  Road 
Day  luu,  Ohio  lal'A'.l 
Hails  A.  Maueli 

Hydraulic  Ankle  Control  System 

Oil  July  20,  1077,  the  loam  mixing  and  pouring  machine  was 
reeeived.  I’uttim;  tile  machine  into  operation  turned  out  to  be  more 
complicated  than  expected,  due  to  the  need  for  compressed  air  of 
higher  than  shop  pressure,  lor  nitrogen  under  pressure,  lor  three- 
phase  220-\  current,  various  chemicals,  and  the  correction  of  sev 
eral  minor  malfunctions.  It  was  also  found  that  the  molds  had  to  be 
pie-heated  to  140  deg  I-  in  order  to  avoid  too-hcavv  skin  lorm.itiou 
on  the  loot  surface,  and  that  the  resin  component  of  the  loam  bad 
to  be  stirred  with  a motor  driven  stirrer,  before  pouring,  to  counter 
act  the  separation  ol  the  resin  ingredients  of  different  specific 
gravity,  finally,  it  became  necessary  to  install  under  the  machine 
a small  space-heater  to  prevent  the  temperature  of  the  isocyanate 
loam  component  from  dropping  below  its  freezing  point  of 
50  deg  F during  the  night  and  over  weekends,  due  to  energy  con- 
servation measures.  ( 1 hawing  can  only  be  accomplished  bv  putting 
thi*  entire  machine  into  some  kind  ol  environmental  chamber  at 
180  deg  F for  several  hours.) 

All  ol  these  problems  were  eventually  solved  and  the  pouring  of 
foam  feet  of  good  quality  (which  had  never  been  done  here  before) 
has  now  become  a routine  matter. 
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I In  shakedown  tests  <>l  tlu  llvdiatilie  Ankle,  l>y  the  YA  in 
New  A » »i  k .mil  li\  llu-  two  test  amputees  in  D.iymn  .mil  Aii/ona, 
have  In  i n continued.  I l»i  \ li.ul  important  results  leading  to  live 
imnoi  .mil  live  inajm  design  inodiliculions.  1 lie  live  minm  lines 
\ included:  higher  basil  setting  of  the  hydraulic  over-pressure  valve 

inside  tin  liv  <h  an  I it  unit ; switch  Ironi  \ itmt  rttlihei  to  poly  urethane 
lubbci  tor  the  f seals  to  fa<  ililate  tie -molding  without  tearing;  more 
clearance  lot  the  eeranhi  control  hall  inside  the  hydraulic  unit,  to 
nrci eu t contact  with  the  rear  vane  piston  stir 'lace  which  had  caused 
oiiasion.il  ilicking  noises;  slitting  the  ankle  holt  longitudinally 
thioughout  its  length  to  provide  hetlei  holding  powei  upon  expan- 
sion. thus  preventing  sideward  migration  and  pien  ing  ol  the  rubber 
hoot;  and  keeping  the  dorsifloxion  spring  assemhly  Irom  getting  out 
ol  adjustment  1>\  adding  a colt n let  locking  set  screw. 

1 he  live  major  design  modifications  included: 

1.  Redesigning  ol  the  bypass  valve  to  prevent  leaks  and  to  avoid 
met  h.mii  al  obstrui  turn  (In  means  ol  a largei  oriliee,  wider  overlap, 
and  more  trccdoin  ol  motion); 

• 2.  Redesigning  ol  the  shall  of  the  loam  loot,  to  eliminate  noise 

caused  In  tuition  between  its  inside  and  the  outside  ol  the  losvci 
shank  end  (by  molding  onto  the  inside  surface  ol  the  shaft  two 
kinds  ol  fabric,  one  stretchable  and  one  non-streti liable,  to  provide 
non  r uhhei  v siirl.nr  and  an  adjustable  clastic  edge); 

.1.  Redesigning  ol  the  hearing  elements  at  the  piston  rod  tip, 
which  serve  to  attach  it  to  the  inside  ol  the  shank,  in  order  to  pre- 
vent clicking  noises  upon  load  reversal  (because  all  clearances  pro- 
vided lot  adjustment  purposes  but  not  needed  during  actual  walk- 
ing are  now  reduced  to  zero  by  the  pressure  ol  the  attachmi  nt 
screws); 

4.  Redesigning  ot  the  hearing  elements  at  the  piston  rod  neck 
to  eliminate  groaning  noises  upon  weight  application  (through  the 
use  of  special,  multi-layered,  I'etlon  based,  steel  jacketed  hearing 
bushings,  which  will  not  compress  under  loud,  and  thus  allowing 
close  tolerances);  anil 

5.  Reinforcing  of  the  piston  rod,  one  ol  which  broke  during  the 
New  York  shakedown  tests,  to  prevent  fractures  (by  additional  heat 
treatment  lor  existing  rods  plus  largei  cross-sectional  area  in  future 
ones). 

All  these  improvements  are  having  their  expected  beneficial  ef- 
fects, resulting  in  trouble-free  operation  ot  the  three  systems  under 
test  at  this  writing.  However,  only  future  shakedown  testing  with 
additional  amputees  will  tell  whether  the  necessary  long  range  per- 
formance (at  least  one  year  of  maintenance-free  operation)  is  within 
reach. 
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Voluntarily  Actuated  Swing  and  Stance  Control  System 

Wry  limited  time  could  be  devoted  to  the  Voluntarily  Actuated 
Swing  and  Stance  Control  System  project,  because  of  the  high  pri- 
ority given  to  the  Hydraulic  Ankle  as  just  described.  However,  some 
studies  were  undertaken  with  the  purpose  o I assessing  the  possibili- 
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this  knot*  shin  unit  im  orfiot.ites  .1  rovulufi.Niary  thrt*t*  pmt  t*  knot*  bolt 
Votff.ins  Adnun  i strut  ion  hyMimh  LjtKn.itotir-,  Im  in-  oopwation  with  Th*»  Ohio  Willow  1 
1 I wo  idimtii  .1 1 s|M*i  tally  Ihr.-.idtsl  i-ntl  sc  r**ws  both  ol  r i«|lit  tun’ll  thrrad 
? A holt  ot  precis**  l**ni|tti 
3 Inner  socket  holes  within  the  Ik, It  to  prevent  uN-tlum  ol  the  twit  while  removinp  the  second  end  screw 
This  unique  desiqn  features  result  in  the  lollowmo  mokr  important  .itlv.iiit.iqi->. 

1 A n-imniun  < le.ir.im  e lH*twei*n  knee  flushing  andybm  sidesti.iyu  is  achieved,  resultinq  in  little  or  no 
Sideplay  ol  the  knee  relative  to  the  shin 

2 The  disassembly  ol  ship  unit  con  begin  either  the  mi*dial  or  the  lateral  side. 

3 Upon  rewuyfff  o^^my"Tps»  mvl  -»*‘fiM.  the  kr^e  < an  lifjremoved  without  rifhovinq  thp  knee  bolt  from  the 

knee  When  Wish;  . incorporating  an  o/no  Willow  WchhI  knee  stop,  it  is  necessary  to  first 

reiro^oMbe  , <>n»rtit  mQygtlftq  scr**r.  HK'atnf  at  the  poster inr  (xxtion  of  the  shin 

'"•dUhft^r*  shin  p .on  ol  the  knee  shin  unit,  the  upp**r  portions  of  the  sidestraps  are  easily 
'^W^J^.V^nlting  ih  end  s,  rews  which  aie  nearly  hidden  from  sight 


\ 
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rKiURK  9.  Label  on  wooden  setups  explaining  the  three-part  holt.  The  text  o 
reads  as  follows: 


I the  label 


This  knee-shin  unit  incorporates  a revolutionary  three  piece  knee  holt 
developed  under  the  sponsorship  of  the  Veterans  Administration  by  Mauch 
Laboratories,  Inc.,  in  cooperation  with  The  Ohio  Willow  Wood  Co.  It  fea- 
tures: 

1.  Two  identical  specially  threaded  end  screws,  both  of  right  hand 
thread. 

2.  A bolt  of  precise  length. 

3.  Inner  socket  holes  within  the  bolt  to  prevent  rotation  of  the  bolt 
while  removing  the  second  end  screw. 

I his  unique  design  feature  results  in  the  following  most  important  ad- 
vantages: 

1.  A minimum  clearance  between  knee  bushing  and  shin  sidestraps 
is  achieved,  resulting  in  little  or  no  sideplay  of  the  knee  relative  to 
the  shin. 

2.  The  disassembly  of  the  knee-shin  unit  can  begin  with  either  the 
medial  or  the  lateral  side. 

3.  Upon  removal  of  the  last  end  screw,  the  knee  can  be  removed 
without  removing  the  knee-bolt  from  the  knee.  When  disassembling 
set-ups  incorporating  an  Ohio  Willow  Wood  knee  stop,  it  is  neces- 
sary to  first  remove  the  control  mounting  screw  located  at  the- 
posterior  portion  of  the  shin. 

4.  When  laminating  the  shin  portion  of  the  knee-shin  unit,  the 
upper  portions  of  the  sidestraps  are  easily  covered,  resulting  in  end 
screws  which  arc  nearly  hidden  from  sight. 
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lies  iii.ulo  available  In  the  advent  <>l  the  microprocessor  in  (heeler 
Ironies  liehl.  It  seems  possible  to  widen  the  snipe  ol  the  control 
him  lions  lot  swing  .is  well  as  statue  situations  in  a volunlarilv  eon 
(tolled  hvdr.mlir  knee  system,  In  utili/ing  this  breakthrough  in 
eleeti  onie  tcehnologv  . 

Three-Part  Knee  Bolt 

I he  I ii st  shipment  ol  wooden  setups  with  the  new  I hiee-I’ait 
Knee  holt  was  received  from  I lie  Ohio  Willow  Wood  Co.  on  Decent 
het  22,  107  7.  This  marks  the  beginning  ol  the  eomniereial  avail 
abilitv  ol  this  new  holt.  A cop\  ol  the  label  which  will  accompatn 
the  setups  is  shown  (fig.  !>)•  As  can  he  seen,  the  three-part  knee 
holt  has  main  advantages  over,  and  will  most  likely  in  time  re- 
place, the  standard  A k knee  holt  which  has  been  in  use  since  the 
last  century,  hot  this  reason,  the  word  “revolutionary " used  iu  the 
label  may  he  forgiven. 

I he  holt  is  made  by  the  Allmetal  subsidiary  C k A Manulaetm 
ing  dorp..  1M  AO  Brooklyn  Queens  Lxpressway . West  Woodside, 
Queens,  New  York  I 1 A 7 7 . (There  ate  no  eomniereial  rights  or 
patents  involved  in  this  matter.) 


Design  ol  I’rosthetie  and  Orthotie  Devices  and  Biomechanical 
Studies  ol  Locomotion 
Biomechanics  I .aboratory 
Lniversilv  of  California,  Berkeley 
f»  I I -I  Llchcvcrrv  Hall 
Berkeley,  California  ‘M7'J0 
Charles  W.  RadclilTc,  Don  M.  Cunningham, 

James  M.  Morris,  M.D.,  and  Larry  Lamoreux,  Pit. I). 

Design  of  Lower- Limb  Prosthetic  and  Orthotic  Devices 

I.  i'nur  Uni ■ I. in  limit  /V)/v(  i-iitrii-  I'lirumtilii  Alice 

Reijuests  lor  bids  from  the  prosthetics  induslrv  on  the  eonstrm 
lion  of  fit)  complete  units,  including  knee  mechanism,  pbcrical 
alignment  coupling,  pneumatic  damper,  and  pylon  structure  with 
coupling  lor  a SACK  loot,  were  sent  out  by  VA  Prosthetics  Ccnlci 
during  this  report  period.  Bids  were  received  from  three  companies, 
but  all  three  bills  were  rejecter!  In  the  VA  procurement  officer  in 
New  York  because  ol  variances  from  the  engineering  drawings  sub 
milled.  (One  bid  suggested  replacement  of  a welded  subassembly 
In  a lullv  machined  part,  and  another  proposed  (he  use  of  a modi 
fieri  eonnnerei.il  swing-control  unit  rather  than  a whole  new  unit.) 
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During  the  next  report  period,  possibilities  will  be  investigated  lor 
production  ol  the  units  under  a subcontract  dircctlv  from  the  Uni- 
vastly  of  California  project,  in  an  effort  to  better  utilize  the  pro- 
duction engineering  capabilities  of  the  prosthetics  industry  to 
achieve  faster  progress  from  prototype  to  production  item. 

2.  Six -liar-Lm huge  Knee  with  Friction  Swing  Control 

I bis  knee-disarticulation  prosthesis  has  been  revised  for  increased 
bearing  strength,  and  a single  prototype  will  be  fabricated  to  the 
new  drawings  during  the  next  report  period.  Cosmetic  covers  pat- 
terned alter  the  new  molded  foam  covers  for  the  Four-Bar  Knee 
will  also  be  developed. 

3-  Dual-Action  Safety  Km  c (Friction-Stabilized  Knee) 

A friction  stabilized  knee  is  often  prescribed  for  amputees  who 
need  assistance  m achieving  reliable  knee  stability  at  heel  contact. 

lie  dual-action  safety  knee  was  designed  to  provide  knee  friction 
at  heel  contact,  but  to  release  the  friction  at  toe  off,  allowing  easier 
initiation  ol  swing  phase.  The  same  friction  brake  also  provides  an 
adjustable  swing-phase  control.  A third  prototype  unit  has  been 
constructed  and  tested  in  the  laboratory.  This  unit  appears  to  sat- 
isfy all  design  goals.  Preparation  of  cosmetic  covers  is  underway  to 
permit  extended  amputee  trials. 

4.  .S'.  If.//  Foot  with  Metal  Keel 

1 he  metal-keel  SACI1  foot  is  performing  well  in  amputee  trials. 
•Metal  keels  produced  to  date  have  been  machined  from  solid  alumi- 
num. A pattern  is  being  prepared  for  production  of  25  or  more  cast 
aluminum  keels  to  allow  more  extensive  amputee  trials. 

5.  .1  lulti-Infut  Control  oj  Knee  Stability 

A single-axis  knee  has  been  assembled  that  incorporates  a 
hydraulic  damper,  and  transducers  that  measure  knee  angle,  knee 
angular  velocity,  and  hip  flexion/extension  moment.  The  hydraulic 
damper  provides  swing-phase  control  and  stance-phase  control  The 
amount  of  resistance  is  controlled  by  a motor-driven  rotary  valve 
For  development  of  optimal  control  logic  based  on  the  measured 
vanables,  the  laboratory  minicomputer  is  being  used  as  a controller. 

?tn.  thc  safcst  anc'  most  functional  control  logic  has  been  estab- 
lished, a compact  hybrid  controller  can  be  constructed. 

Control  algorithms  have  been  developed  for  active  swing-phase 
control,  terminal  impact  detection,  knee  lock  when  going  into 
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stance  phase,  ami  detection  ol  sohmtuis  km  c s iclditifi  ai  the  end 
ol  stance  phase  ami  emergence  into  s w my  phase. 

At  present,  it  is  assumed  that  total  kmc  lin  k dtuiny  mill  statue 
is  desirable.  Ihe  immediate  final  is  to  lurihci  iclinc  and  control 
the  knee  Iniekliiifi  process  to  lulls  iilili/c  the  knee  .inyul.u  sclocits 
eonliol  leatiue  ol  the  prosthesis.  In  addition  to  the  normal  inode 
ol  operation,  a hip  moment  override  allows  the  amputee  to  soliin 
taiily  lit*'  knee  when  he  eneoimters  iiniisii.il  situations  such  as 
dcsccmliiifi  lamps  or  staiis. 

A spi  i ial  bent  knee  socket  has  been  labrieated  to  permit  testiny 
h\  i>‘ »•  m.il  subjects.  Amputee  trials  will  proceed  when  control  is 
judged  to  lie  stiilahlv  sale  and  liiin  tinn.il. 

Mobility  Aids  for  the  Physically  Disabled 

I.  /’AM //A  linn 

Detail  dra wi ni>s  lor  the  first  I’RAIIN  II  prolotspe  are  neariny 
completion  and  the  fabrication  ol  pans  is  under  way.  Ihe  first 
prolotspe  is  scheduled  lot  completion  lis  April  1978,  when  it  will 
I’Cfiin  testinji  and  esaluation  in  herkeles  . 

‘2.  U /lec/t  AmV  spring  Suspension  htwerin^  l nil  (SSI'l ') 

I’."  I'  lor  the  second  SSI'l  prototype  have  been  labrieated,  and 
asscmhls  is  expected  to  he  complete  In  March  1978.  I he  unit  will 
he  tested  in  herkeles  and  perhaps  also  at  the  V.\  Prosthetics  Center. 

9.  I final  Ihn > Clamp 

f ts  e urinal  Iran  damps  are  heiny  used  in  herkeles . Plies  bas  e pci  - 
lormed  well  following  some  initial  leakage  problems  caused  In 
laiilts  lorminy  ol  the  end  hooks  on  the  springs.  Pise  clamps  were 
sent  to  the  VA  Prosthetics  Center  in  Septemhei  1977  for  esalua- 
tion. 


I'ltraliyht  below -knee  Prosthesis 
Kehahilitatiou  l.nyinccriny  Center 
Moss  Rehabilitation  Hospital 
12th  Street  and  labor  Road 
Philadelphia,  Pennsylvania  191  II 
A.  hennett  Wilson,  jr. 

I he  original  (i-month  contract  svas  completed  April  90,  1977. 
A manual  on  the  lahrication  procedure  for  an  ultraliyht  helms  knee 
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prosthesis  .mil  .1  lin.il  u'|)oi  t wi  n'  |in  |i. m il  Im  i lit-  \ A. 

1 1 was  ii'i  i >m mi' i uli  il  that  the  V A mnlii  i.ikf  a nat mil w iilr  ilitiii  al 
exaluatimi  |>i i >i>i .1111  t In mii;li  tlu-ii  lnrm.il  amputee  eliiiie  ti'ams. 

I hr  VA  i ii|iii'sti  il  that  tlir  Rehabilitation  l.iinineri  iiig  Center, 
M e.ss  Rehabilitation  I losp.tal,  submit  a proposal  Im  a loral  i linif.il 
stitilx  , ami  a proposal  was  submit  Iri!  in  Max  1 *> 7 7 Im  tin-  i oiiilm  t 
i>l  sin  b a Minis  . I bis  proposal  was  appion  il  ami  ronlaet  was  i its 
tablisbril  with  tin-  loial  pinsiheiies  rrpirsrniaiixr  ami  tlir  ilinii 
trams  si-i\  inij  tlir  VA  in  ibis  ana.  \ll  otlii'i  loial  pit  >s  t bi- 1 ii  s I .nil  i 
liis  errtiliril  In  tin-  Amriie.m  llo.uil  Im  Cri  til  ii  ation  in  Piostbi'tti  s 
ami  Oitbotiis  war  also  ollerril  an  oppmtnnitv  to  p.n  lit  ipalr.  All 
bin  onr  l.u  ilitx  i rspi null'll  positixelx. 

A ill  .ill  protoiol  lot  tbr  1 1 ii)  ii.il  stiiilx  was  piipaii'il  ami  pnsi'iit 
ill  to  prosthetists  npusinlim;  l.u  ilitirs  in  tlir  .lira.  ( Two  I at  ilit  it's 
iirir  unable  to  .maul  a workshop  but  ibex  agreed  to  p.n  lii  ip. lie 
in  tlir  si ml\  .1 


I nunrti i.tte  l’ostnper.tlixe  I’rostlirsex  Research  Siiulx 
I’lostbrtirs  Ri  se. orb  Slmlx 
I Mind  Hall.  Room  10') 

I I 111*  ( .olilillhi.i  Sli  rrl 
Sralllr . \\  ashing!  on  *)S  1 0 I 
I'.rnrsl  M.  burgess,  M.l). 

A nunthri  ol  rliniral  rx ablation  ami  irsranb  stmlirs  xxbirb  liaxr 
brrn  uiiilrixxax  Im  somr  limr  at  I’RS  li.ixr.  in  tlir  last  lew  niontbs, 
ban  linali/ril.  Ihr  bernirr  Kegel,  it  al.,  upon,  "A  Surxex  ol 
I. own  l imb  Ampntrrs:  l’rostheses,  I’b.mtmn  Srnsations.  anil 
l’sx  i hosori.il  Aspects,"  appeared  ill  UI’R  10  27.  A i ompi rbrnsix e 
aililition.il  surxex  In  tlir  same  autlims,  irlating  to  amputrr  lime 
lion,  lias  brrn  arrrplnl  tor  publication  ami  xxtll  appeal  in  tlir 
An  luxes  ol  I’ln  sit  .il  Mnlii  inc  ami  Rehabilitation. 

Anepteil  lot  publii  ation  and/oi  rrrcnlk  publisbril  are  tlir  lol 
loxx  im;: 

1.  I’lrxrntion  ol  ritromohoemholii  Disease  In  I sternal  I’lteu 
main  Compression  in  I’alirnts  I'nilrnjoiiii;  l oial  I lip  Artbroplastx  , 
bx  I..  lYdeg.m.i,  M.l).,  K.  M.  burgess,  M.l).,  ami  M.  Carpenter. 
Clin.  Ortliop.  Rrl.  Res..  128: 100  I'M.Oi  t.  l‘>77. 

2.  Cutanroiis  ttlonil  Mow  ami  Its  Rrlalioti  to  Healing  ol  below 
Knrr  Amputation,  In  C.  Allen  llnllnxxux,  Jr.,  M.l).,  anil  K.  M. 
bin  ness,  M.l).,  Smi;,  ( i x n.  ( )l>s(r(.,  ai  rrplril. 

8.  Wound  Healing  alter  Amputation:  l.llrrt  ol  Coutrollril 
Knx iromnrnt  I'rratment : A I’rrliniinarx  Study,  In  K.  M.  burgess. 
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M.l).,  ).  Hone  &■  Joint  Surg.,  (i(>-.\(2):  245-24(i,  March  M>78. 

In  addition  to  out  ongoing  clinical  rest  . to  ll  in  surgcrv  and  post 
surgical  amputation  management  conducted  at  tin-  VA  Hospital, 
Seattle,  PKS  is  investigating,  in  depth,  lahnrutnrv  means  lot  the 
deierminalion  ol  dynamic  limb,  skin  and  sultetit. menus  tissue 
hloodllow  using  Xenon  l.'i.'t,  laset -dopplet , and  skin  and  subcu- 
taneous  pO,  (partial  pressure  ol  owjjen)  measurements.  Correla- 
tion ol  our  lahoratoix  findings  with  the  work  ol  Wcslcv  Moore, 
M.D.,  VA  Hospital,  lueson,  Ari/.ona,  I'.  William  Warner,  M.l). 
ol  Kanelto  l.os  Amigos,  and  others,  should  eulminate  in  a mueh 
more  ohjeelive  means  ol  determining  amputation  levels  preopera- 
tixelx  in  the  isehemie  limit,  l itis  is  a major  challenge  lor  amputa- 
tion rehabilitation  at  this  time. 

I he  physiological  suspension  studies  are  continuing  in  eoopera- 
tion  with  l)r.  bred  l.ippcrt  and  assoeiates  at  the  VA  Hospital, 
Seattle. 

I hr'  \ A Hospital,  Seattle,  has  developed  a protoeol  lot  investi- 
x*.tlino  muscle  volume  and  musele  strength  in  the  residual  limb. 
Volumetric  measurement  e(|uiptnent  has  been  developed  to  aeeu- 
ratelx  measure  changes  in  residual  limb  volume.  Musele  strength 
and  electrical  response  ol  the  museles  in  tin-  residual  limb  are  also 
a pan  of  litis  study. 

A statistical  review  ol  spoils  and  other  cMrn-umbulatnrv  ac  tivi- 
ties ol  lower-limb  amputees  has  been  completed.  I bis  in-depth 
review  ol  the  physical  activities  ol  a sizeable  number  of  amputees 
is  being  eondueted  by  Jeffrey  Webster  of  PRS,  himself  ait  athletic 
individual  who  has  sustained  a knee  disarticulation  amputation. 
These  studies  parallel  the  basic  investigation  conducted  under  our 
supervision  by  Professors  Robert  S.  Hutton,  I’ll.  1).,  and  Doris 
Miller,  I’lt.  1).,  at  the  Department  ol  Physical  l.dueation,  University 
of  Washington,  and  in  conjunction  with  the  VA  Hospital,  Seattle. 


Hclovv-kncc  Amputation  with  Immediate  Postoperative  Pitting 
of  Prosthesis 
Y.\  I lospital 
Tucson,  Arizona  857211 
Wesley  S.  Moore,  M.l). 

Work  on  amputation  level  determination  as  a function  of  skin 
capillary  hloodllow  continues. 

The  intervening  (>  months  have  been  utilized  in  reestablishing  the 
program  from  the  San  Francisco  VA  Hospital  to  the  VA  Hospital, 
Tucson:  developing  space,  securing  new  c<|iiipmcnt,  and  reorgani/.- 
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• HU  ill*'  | > r oi*i  ini  hi  .1  new  sellun;. 

\ lull  inn*  ptostli* t ini  is  hi'iiii*  i*  * nut*  *1,  so  ili.u  tin-  randomi/ed 
siiuK  * * >ni|>.ii ins;  immediaif  postopei  alive  pmsthesis  wuh  post 
operative  iii.iii.iu*  iiii  iii  in  ilu  * nntuill*  (I  enviionment  treatment 
(1  1 1.)  min  m.i\  In  icmstitutcd. 


Ilemodv  ii. min  I valuation  of  Postoperative  and  Preoperative 
\ input  ct's 
VA  Hospital 

Castle  Point,  New  York  1251  1 

Ifok  \ lav.  M l).,  I .A.C.S.,  Frieda  S.  Irainnr.  I'll.  I).,  David 
Kavmi.  I).  I iii*. . John  I..  Madden,  M.l).,  I A.C.S  , and  I milio 
l.jereito,  M l). 

The  Efficacy  of  Lumbar  Sympathectomy  in  the  Treatment  of  Gangrene  of  the 
Lower  Limb 

Work  has  been  eompleted  lor  our  initial  report  on  ilu-  elfieacv  ol 
himl).u  sv  mpatheetomv  in  the  treatment  ol  uath-rene  of  the  lowei 
limh.  A review  ol  our  re*  . mis  of  the  past  15  years  ( I OtiL’-l  07  7) 
vielded  100  eases  (III  limbs)  with  t*anj>retie  of  the  lower  limb  ini 
fall'  treated  with  lumbar  sympathectomy.  I lie  III  limbs  were 
eateuori/ed  into  three  groups:  (i)  toe  ,t>ani>rcnc,  (ii)  loot  j*aiu*rcne. 
and  (in)  lev;  v;anj;rene.  l.aeh  limb  was  studied  as  to  its  outeome  al'tei 
sympatheetomy : significantly  improved  without  further  operative 
tieatment;  teipiired  bypass  surgery;  reiptired  minor  amputation 
(below  the  ankle);  and  required  major  amputation  (above  the 
ankle)  I able  I summari/es  the  pertinent  data  obtained. 

I un  i t. 
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Patients  with  l'oe  (idii^rcnc 

Patients  with  toe  gangrene  (1  to  ft  toes)  showed  .1  high  percentage 
ol  limb  salvage  alter  initiated  sympathectomy  (75  percent)  with 
almost  hall  ol  the  limits  (47  percent)  being  significantly  improved 
hy  sympathectomy  alone.  Bypass  procedures  which  were  done  alter 
sympathectomy  yielded  significant  improvement  in  an  additional 
1 - percent  of  the  limits.  Any  form  of  amputation  was  thus  avoided 
in  :>9  percent  ol  the  limits  with  toe  gangrene. 

Minor  amputations  (7  lor  toe  or  toes,  I foot,  1 iransmetatars.il 
amputation)  required  in  1 (i  percent  of  the  limits,  averaging  2 Vi 
months  post-sympathectomy,  lints,  75  percent  of  the  limits  with 
toe  gangrene  were  salvaged,  latss  ol  the  limit  through  major  amputa- 
tion occurred  in  25  percent  of  the  cases  (!)  A/K  and  5 B/K)  averag- 
ing almost  !)  months  post-sy mputhcctoim  . 

Ol  the  limits  with  gangrenous  toes,  24  were  diabetic,  I!)  of  whom 
had  their  limb  salvaged  (15  significantly  improved  after  sympathec- 
tomy alone,  I alter  bypass,  and  5 after  minor  amputations)  and  5 
required  a major  amputation.  Of  the  limbs  salvaged,  one  patient 
shows  completely  healed  leet  almost  II  years  alter  sympalhectomv 
alone  and  one  is  completely  healed  almost  12  years  after  sympa- 
thectomy and  bypass. 

Patients  with  Campene  of  the  Foot 

In  patients  with  gangrene  of  the  foot,  25  percent  of  the  limbs 
involved  showed  significant  improvement  after  sympathectomy 
alone.  One  patient  at  the  time  of  his  death  (myocardial  infarction) 
almost  8M1  years  after  sympathectomy,  showed  a healed  foot  and 
another  patient  with  bilateral  gangrene  possessed  both  feet  at  the 
time  ol  his  death  (M.I.)  8V2  years  post-sympathectomy,  l wo  pa- 
tients who  underwent  bypass  procedures  still  possess  their  feet  at 
4 and  12  years  post-sympathectomy.  Two  patients  underwent  mi- 
nor amputation,  one  transmetatarsal  amputation  7 years  post -sym- 
pathectomy and  one  a toe  amputation  41  days  post-sympathectomy. 
Limbs  salvage  occurred  in  58  percent  of  the  limbs  with  gangrenous 
feet.  Limb  loss  through  major  amputation  occurred  in  65  percent  of 
the  cases  (15  B/K  and  10  A/K).  In  two  instances,  major  amputation 
was  done  simultaneously  with  sympathectomy,  and  in  two  cases, 
major  amputation  was  done  simultaneously  with  sympathectomy, 
ami  in  two  cases,  major  amputation  was  done  simultaneously  with 
sympathectomy,  and  in  two  cases,  major  amputation  was  post- 
poned for  several  years,  one  5 years  and  one  6 years.  Of  the  limbs 
with  foot  gangrene.  19  were  diabetic  with  6 having  limb  salvage 
(2  significantly  improved  by  sympathectomy  alone.  2 bypass,  and 
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- minor  amputations)  and  1 3 requiring  maim  amputations. 

Patients  with  /.<  g Cmtgrrnc 

Patients  v\ itli  leg  gangrene  showed  a h i^h  incidence  id  major 
amputation  (8t>  percent)  averaging  about  3 months  post  sympa- 
thectomy . In  two  patients,  major  amputation  was  postponed  lor  a 
considerable  period  ot  time,  and  7 months  and  one  1 0 months.  Only 
in  one  patient  was  amputation  avoided  l>\  sympathectomy  alone. 
One  patient  who  underwent  a bypass  procedure  died  I day  post  by 
pass  and  35  days  post-sympathectomy.  Of  the  14  limbs  with  nan 
grcnc,  .1  were  diabetic,  two  oi  which  rei|uired  major  amputation 
and  one  dying  from  pulmonary  embolism  after  a bypass  procedure. 

Conclusions 

I he  data  presented  in  this  initial  report  appears  to  support  the 
use  ol  lumbar  sympathectomy  in  the  treatment  program  of  the 
patient  with  gangrene  ol  the  lowei  limb.  I hese  results  show  lumbar 
sympathectomy,  particularly  in  the  patient  with  toe  gangrene,  to 
be  extremely  ellectixe  in  limb  salxagc. 

In  main  instances,  a lumbar  sympathectomy  alone  is  sufficient 
to  initiate  the  healing  process  and  avoid  any  amputation  and  when 
amputation  is  necessary,  a major  amputation  can  frequently  be  pre- 
vented, w;th  a transmetatarsal  or  toe  amputation  alter  sympathee- 
tonn  being  sullicicnt  to  promote  healing.  Once  the  svmpathcctomy 
has  been  accomplished,  cxidcncc  id  the  healing  process  can  be  docu- 
mented by  noninvusive  means  using  photoplcthx  sinography  and 
skin  thermistor  thermometry  . These  noninvasivc  techniques,  as  well 
as  iioninxnsixc  electromagnetic  I lo  wine  try . can  also  be  used  to  accu- 
rately determine  amputation  level  when  required,  and  they  there- 
fore aid  in  salvaging  as  much  of  the  limb  as  possible. 

I he  use  ol  lumbar  sympathectomy  and  noninxasixe  quantitatixe 
measurements  ol  blood  floxv  in  the  limbs  can  lead  to  better  care  of 
tlu'  patient  xxitli  peripheral  xascular  disease,  with  consequent  salvage 
ol  many  limbs. 

engineering  Applications  in  Orthotic  and  Prosthetic  Treat  incut 
of  Musculoskeletal  Defects 
Motion  Sillily  Laboratory 
Rehabilitation  Medicine  Service 
Veterans  Administration  Hospital 
10701  Last  Boulevard 
Hade  Park,  Cleveland,  Ohio  4410b 

h.  Byron  Marsolais,  M.I).,  Ph.  I).,  and  Lduard  Schulz,  F..K. 
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Applications  of  Motion  Analysis  in  Orthotics  and  Prosthetics 

1 . Comparison  of  Implanted  Electrical  Stimulation  (Xeuromuscu- 
lar  . I.\w st ) to  Other  Methods  o/  treating  the  F.</uinoiarus  Foot 

Ibis  study  , whirl)  began  in  1971,  compared  the  Neuromuscular 
Assist  (implanted)  F.lectronic  lli.uc  with  lour  other  ankk'-foot 
orthoses.  It  has  now  been  completed.  Orthoses  compared  were: 
(i)  the  Texas  Institute  ol  Rehabilitation  and  Research  (I1RR) 
polypropylene  device  which  lias  also  been  referred  to  as  the 
“T.ngen  brace"  in  these  reports:  (ii)  the  external  l-T.l’B  (Functional 
Klectronic  Peroneal  Brace):  (iii)  the  conventional  metal  double- 
upright orthosis;  (i\)  the  \’.\PC  Shoe  Clip;  and  (\)  no  tlevice  at  all. 
I be  orthoses  were  compared  on  a pre-selected  and  screened  group 
ol  hemiplcgics  rather  than  at  random. 

A total  ol  7 patients  were  implanted  with  electrodes.  The  results 
showed  the  NMA  gave  the  greatest  velocity,  stride  length  and  ca- 
dence, with  a more  normal  heel  and  toe  contact  time.  There  tended 
to  be  some  o\ ereorrection  of  the  varus  deformity.  All  orthoses  had 
acceptable  correction  of  the  hemiplegic  varus  deformity. 

It  was  concluded  that  the  NMA  represents  a clinically  usable 
method  tor  droploot  correction.  Further  use  must  be  by  the  pref- 
erence of  the  individual  patient  and  surgeon.  The  T l-.PB  proved  too 
complicated  for  our  patients  to  use  outside  the  hospital  (see  BPR 
1 0-27,  Spring  1977,  p.  173). 

2.  Foot  Contact  System 

Our  loot  contact  system  for  gait  analysis  is  providing  information 
to  physicians  on  a limited  clinical  basis.  About  70  patients  have 
been  analyzed. 

In  reference  to  a reader’s  question  regarding  double  support  (HI*K  10-28, 
l all  1977,  page  212):  I'teo  periods  of  double  support  occur  within  a gait  cycle. 
Ihis  Laboratory  detines  l.eft  Double  Support  as  that  period  beginning  with  left 
heel  strike  and  ending  with  right  toe-off,  leading  to  single  support  on  the  left 
leg  during  swing  phase  of  the  right.  The  second  or  Right  Double  Support 
period  is  initiated  by  right  heel  strike  and  terminated  by  left  toe-off.  In  normal 
gait,  these  periods  are  equal,  so  total  double  support  time  during  a cycle  is 
double  the  value  given  for  one  leg  by  hquation  |3| . In  pathological  gaits,  these 
periods  often  differ  markedly.  Monitoring  of  changes  is  important  in  assessing 
progress  of  a patient. 

3.  Stimulation  of  the  Paralyzed  Hip  to  lieturn  Functional  L'se 

Kunction.il  electrical  stimulation  of  the  paralyzed  hip  has  to  date 
involved  two  patients.  One  below -knee  amputee  has  a fixed  knee 
contracture  and  was  unable  to  walk  with  an  artificial  limb.  After 
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stimulation  of  the  rectus  femoris  muscle  on  a chronic  basis,  the  pa- 
tient was  able  to  walk  without  support. 

Another  patient  lar  ked  hip  flexion  and  the  iliopsoas  was  stimu 
lated.  (food  hip  llexion  was  obtained;  however,  the  patient  did  not 
wish  to  leave  the  electrodes  in  on  a prolonged  basis.  The  electrode 
breakage  problem  we  had  previously  been  experiencing  has  been 
much  improved.  A microprocessor-based  stimulation  system  is  near- 
ing final  stages  of  construction,  and  will  be  used  in  the  study  for 
programed  hip  and  knee  control  in  the  hemiplegic  patient. 

Three-Dimensional  Automated  Motion  and  Joint  Force  Analysis 

Using  a three-dimensional  computer  based  technique  for  auto- 
mated motion/force  analysis  of  human  walking,  surface  electro- 
myographic electrode  placement  has  been  studied  and  optimal  spac- 
ing and  positioning  ol  these  electrodes  determined.  Intramuscular 
electrodes,  however,  appear  to  be  superior. 

Further  testing  ol  the  Selspot  system  for  determining  the  posi- 
tion of  the  body  in  3 -dimensional  space  has  indicated  that  the  sys- 
tem is  not  usable  in  its  present  state  for  gait  analysis.  It  is  our 
opinion  that  modifying  the  present  electronics  can  convert  it  into 
a valuable  tool  lor  gait  analysis. 

Other  Activities 

The  Cleveland  Veterans  Administration  Hospital  Motion  Study 
Laboratory  is  one  of  six  facilities  involved  in  the  clinical  evaluation 
ol  the  \ A/Rancho  I.os  Amigos  Gait  Analy/.cr.  The  unit  calculates 
the  parameters  of  velocity  and  right  and  left  single-stance  duration. 
Normal  subjects  and  patients  with  a variety  of  gait  problems  were 
evaluated  with  the  analyzer  while  they  walked  over  our  b in  walk- 
way. Concomitant  data  were  gathered  using  the  Cleveland  Loot 
Contact  System.  1(  is  our  opinion  that  the  analyzer  is  an  excellent 
initial  effort  to  meet  a serious  need.  We  feel  that,  with  some  modi- 
fication, the  system  will  become  a very  important  adjunct  to  pa- 
tient evaluation. 

A program  has  been  established  for  the  rotation  of  medical 
students  from  Case  Western  Reserve  University  to  the  Motion  Study 
Laboratory.  Students  are  exposed  to  the  mechanics  of  normal  and 
pathological  gait,  as  well  as  to  the  various  systems  available  lor  gait 
analysis.  The  rotation  is  6 weeks  in  length. 
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Patient  Evaluation  of  a Functional  Hcctrieal  Stimulation  Hand 
Orthosis 
V.V  Hospital 
1071  Fast  Boulevard 
Wade  Park,  Cleveland.  Ohio  -HIOO 
l*.  Hunter  Pcckhain.  Ph.  »• 


Introduction 

I he  purpose  of  this  project  is  to  develop  and  cv  dua.c  a system 

employing  electrical  stimulation  to  provide  controller  prel.ens.o 

and  release  in  the  high  level  spinal  cord  injury  pattern.  I if  ' 

uul  operation  of  the  unit  was  described  m detail  m the  p.euot.s 
progress  report.  In  tins  period,  development  of  the  mm.a.mc  simu  - 
lator and  work  with  patients  i»inK  prototype  systems  has  ron.m- 

ued. 

Stimulator  Development 

lire  stimulator  is  being  constructed  in  iw»  versions;  as  a labora- 
lorv  baseil  instrument  and  as  a device  lor  use  l>s  p.U.ents  1 
philosophy  for  eons. meting  these  two  versions  was  dise ns* 

' wious  report.  Briefly:  the  laboratory  based  mill  is  us.  d m, tial  > 
evaluate  the  patient’s  performance  and  determine  proper  sli  nt- 
lation  parameters;  these  parameters  are  then  set  ...to  the  miniai  m 
unit,  l ire  patient  units  are  designed  to  operate  m the  same 
as  the  laboratory -based  unit,  but  are  small  and  po.tahh  . 

l ire  laboratory  unit  has  been  completed  and  is  m use  lot  ('.««< »' 

"'‘‘ihe  miniature  units  have  been  completely  designed  and  the  firs. 

unit  is  nearing  completion.  Ihe  .mniature  stmrul..tor  s rh r . n 

circuits  are  implemented  on  three  printed  emu.  bo. m h,  ho 

boards  are  approximately  3 X -f'/b  melres  and  are  sta.  kr  d w U a(  \ 
over  each  other.  One  of  these  three  boards  has  been  asscmbltd  a r 
completely  tested  while  the  other  two  arc  currently  hc.ngculut 

1 ° Thr-1' 'hr i t'i at  patient  device  will  he  packaged  in  an  off  the-shr-lf 

plastic  enclosure  G in  long.  3 in  wide,  and  2 in  high.  1 ns  unit  will 
be  used  to  obtain  preliminary  patient  feedback  on  possible  "npiov- 
me, its  in  system  packaging,  cabling,  attachment.  etc '■  -ater..  r nsu 
enclosure  will  be  made  which  will  he  smaller  and  will  nrakr  pat, 
attachment  easier;  e.g.,  holster  or  belt  attachment. 

Operation  of  the  Sv»tem 

The  operation  of  the  system  was  described  in  detail  in  the  pre- 
vious report.  Emphasis  in  this  period  has  been  placed  on  two  spr- 
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iilii  aspects  ol  ilie  contiol  logic;  tli.it  associated  with  the  patient’s 
input  to  the  system,  and  that  associated  with  feedback  of  the  con- 
trol state  to  ilu  patient,  Control  logii  enahles  the  patient  to  trails 
lornt  movement  ol  i itlici  Ins  head  01  shotlldei  into  the  propel  stint 
ulus  loi  activation  ol  the  muscle,  and  also  to  activate  functions 
which  simp i i t s the  patient’s  control  task,  these  (unctions  enable 
the  subject  to  turn  the  system  on  and  oil,  to  spec i I \ his  zero  refer- 
ence position,  and  to  hold  a desired  control  output  independent  ol 
Ills  shotlldei  position. 

file  c nr  tut ■ \ has  been  generated  to  provide  two  alternative- con 
tiol  si  lienies.  I he  ditlcrcncc  in  these  schemes  relates  to  the  means 
l>\  vvhiili  the  patient  regains  volitional  control  over  the  stimulator 
I rom  tin  HOI  D mode,  and  the  audio  leedh.u  k cues  used  to  signal 
the  stale  ol  the  control  logic.  In  both  control  modes,  a low  level 
mvoclcvtiii  signal  (MI  S)  triggeis  activation  ol  the  1101.1)  (unction 
and  movement  ol  the  pioportion.il  control  is  inellcctti.il. 

I wo  alternative  coiitiol  schemes  are  provided  lot  regaining  con 
liot.  In  tin  lust  sv  heme,  the  patient  signals  the  desire  to  regain  con 
1 1 ol  wiili  a low  level  Ml  S,  but  must  "search"  with  the  proportional 
coiitiollc!  to  "I iml ” the  position  at  which  lie  originally  "held”. 
1 he  second  control  scheme  enables  the  patient  toregaineontrol.it 
anv  position  ol  Ins  shotlldei  (or  head)  by  producing  a low-level 
MI  S,  which  in  elicit  provides  a tloatmg  relerclicc  position.  Ill 
citlici  ease,  the  subject  can  choose  to  rerelereiue  the  zero  position 
bv  producing  a high-level  MI  S twice  in  succession.  Hie  first  signal 
tm  ns  the  sv  stem  oil  ; the  second  turns  the  sv  stem  back  on,  resetting 
the  reference  position  ol  the  proportional  controller  to  the  position 
which  was  sensed  when  the  second  high-level  MhS  was  generated. 

Experience  with  the  present  system  has  demonstrated  the  need 
to  provide  the  subject  with  information  regarding  the  state  ol  the 
control  logic.  Audio  tones  have  been  chosen  to  signal  changes  in 
the  operating  mode;  c.g.,  rc/cro,  enter  bold,  regain  control.  Control 
logic  to  pcrlorm  these  control  and  audio  feedback  functions  has 
been  completed  in  this  period. 

In  the  nest  period,  we  will  begin  to  establish  the  advantages  anil 
limitations  ol  each  control  scheme.  Ihc  present  intention  is  to 
investigate  both  schemes  in  every  patient,  since  both  alternatives 
are  available  bv  a simple  programing  change  in  both  the  laboratory 
and  patient  stimulators. 

Laboratory  Development 

Initial  work  has  begun  in  the  process  of  linking  the  instruments 
in  the  ward  laboratory  with  the  hospital’s  central  research  com 
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puu-r.  l lu-  computer,  .1  1*1)1*- 1 1/45  with  15  Ml»yu*s  of  disk  storage, 
is  ,i  multi-user  sv  sii'iu  and  siimiltani’ously  performs  tasks  lot  several 
investigators.  1 he  primarv  objectives  for  connecting  to  the  com- 
puter arc  to  assist  in:  (i)  organizing  anil  performing  routine  patient 
tests  (c.g.,  evaluation  of  a subject's  muscle/electrode  characteris- 
tics), (ii)  organization  and  storage  ot  test  results,  (iii)  implementing 
new  stimulation  and/or  control  schemes  with  a minimum  ot  addi- 
tional hardware,  and  (is ) display  and  anah  sis  of  stored  data. 

Patient  Evaluation 

1 wo  C-5  quadriplegic  patients  continue  to  he  involved  in  these 
studies,  using  the  prototype  system  described  in  the  previous  re- 
port. These  patients  have  been  active  participants  in  the  design  ot 
the  new  stimulator  s\  stems,  both  as  users  expressing  the  leatures 
of  construction  and  operation  that  they  feel  are  important,  and  as 
subjects  for  experimental  verification  ot  proper  operation  ol  the 
device.  These  patients  will  be  the  first  recipients  of  the  new  systems 
which  will  be  completed  in  the  next  period. 

Research  anil  Development  Project  on  Advanced  Orthotic  Devices 
for  Adult  Paraplegics 

Prast  Research  Associates.  Inc. 

1094  Stony  Point  Road 
(•rand  Island,  New  York  1 40712 
Martin  T.  Prast 

School  of  engineering 
I'nivcrsity  of  Colorado 
Boulder,  Colorado  80502 
Lawrence  F..  Carlson,  Ph.  D. 

No  progress  report  was  submitted  by  this  contractor  tor  this  re- 
port period. 
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l.valuation  ol  llcctric.il  rccliniqucs  lor  Sliiniihition  of  Hard 

I 'issue  (iroxx  ill 
YA  Hospital 

Irving  Avenue  and  rnivcrxitx  IMacc 
Syracuse,  Ncxx  York  IU2I0 

Robert  ().  Keeker,  M.D.,  | . A.  Spadaro,  I’ll.  I).,  and 

A.  A.  Marino,  I’ll.  I). 

Over  I lit'  past  12  months  xxoik  has  continued  on  thf  lolloxxing 
prnjci  is: 

Electrically  Iniected  Silver  Ions  as  a Local  Bactericidal  Agent 

I.  I lie  use  ol  chi  tilt  ally  injected  silvet  ions  as  a local  hnctcrici 
dal  a^ciil  has  liccn  nndci  continuing  investigation,  both  at  t lit-  basic 
and  the  clinical  lex  cl.  \t  die  basic  Icxcl,  xxc  liaxc  re-evaluated  the 
electrical  parainctcis  nccess.nx  loi  the  bacicru  idal  elTeet,  using  a 
more  sophist i<  ated  eh  1 1 rotle  measuring  system.  We  luxe  round  that 
the  voltage  on  the  silxei  electrode  must  he  a minimum  ol  250  mV 
positixe  lot  the  elicit  toorrui.Wch.iXfalsoloutidlh.it  the  effect, 
in  xitio,  t ail  lie  produced  xxith  the  application  ol  as  short  a time  as 
2 minutes.  Prcsumnhlx  , the  amount  ol  silxei  ions  ejected  in  this 
time  is  sufficient  to  mhiliit  mmplftclx  the  bacteria  in  (lie  target 
/one.  While  this  max  not  lie  possible  in  xixo,  the  information  max 
proxc  list' till  in  t mi  Inline  studies  mi  the  mechanisms  ol  the  silxei 
bactericidal  elTeet . 

We  continue  to  attempt  to  dcxclop  let  huit|iies  enabling  us  to 
expand  the  diameter  ol  the  /.one  ol  inhibition,  but  liaxc  not  been 
sticccsslnl  thus  far. 

I lie  clinical  ex  ablation  ol  the  eleetrieallx  injected  silxei  ion  as  a 
bactericidal  agent  has  passed  Irom  the  experimental  to  the  appliea 
lion  phase.  We  are  noxx  using  this  treatment  against  all  ol  out  ostco 
myelitis  eases  that  retpiire  treatment.  In  the  |>ast  (i  months,  xxc  liaxc 
treated  lour  additional  patients  (txxo  xxith  co  existing  non  unions) 
and  all  liaxc  been  sueeesslul.  Ixxo  more  patients  are  presently  nndci 
study,  and  xxc  are  leeching  relerrals  Irom  other  YA  Hospitals  spe 
eilieallx  lot  the  iniected  non-unions  ol  long  bones. 

A complete  report  on  our  clinical  usage  ol  this  technique  has 
been  accepted  lor  publication  in  the  Journal  of  Ibme  and  Joint 
Surgery. 

We  are  attempting  to  expand  the  clinical  situations  in  xxliieh  the 
technique  is  used,  to  include  such  eases  .is  bladder  infection  in  para- 
plegics, burns,  and  the  recalcitrant  skin  ulcerations  stu  b as  severe 
dccuhili,  etc. 
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Silver  Compounds  as  Additives  to  Bone  Cement 

2.  In  .1  id. il>'<l  study , \\r  in'  delci  mining  the  lnr.il  bactericidal 
i*l  1 icieni  v nl  various  silvei  compounds  .is  additives  to  metlivl 
ineili.ii  i \ I. ite  Imne  eemenl.  I oi.il  joint  replacement  neeessit.ites  the 
use  ol  stiilt  .i  cementing  agent  which,  in  its  setting  phase,  is  e\o 
lliennie  to  the  e\leni  ol  producing  ,i  narrow  /one  ol  hone  neeiosis 
surrounding  the  eement.  this,  eoupled  with  the  large  in.iss  ol 
Ion  ian  in.Keii.il  (eement  phis  proslhetie  ileviee),  makes  am  local 
post  operative  inleetion  a elinieal  disaster.  V arious  techniques  have 
heen  cmplovcd  to  reiluee  the  incidence  ol  such  inlet  lions  (“elean 
room"  operaling  techniques,  intravenous  antibiotics,  addition  ol 
antihioties  to  the  eement,  etc.).  All  have  heen  less  than  lolallv  el 
lectivc  since  various  studies  list  the  present  incidence  ol  post 
operative  inlet  lions  in  total  joint  replaef meitt  to  between  I and  a 
pereent. 

We  theori/ed  that  the  addition  ol  silvei  eomponnds  to  the 
eement  mav  he  loeallv  haeierieidal  hy  a diffusion  process  alone. 
Sueh  a teehnique  would  he  superioi  to  the  addition  ol  antihioties  to 
the  eement,  sinee  the  exothermic  reaetion  temperature  that  oeetirs 
with  setting  inaetiv ales  these  complex  organic  molecules,  hut  would 
have  no  elleet  upon  inori;.mii  silvei  salts.  We  have  evaluated  both 
the  ahilitv  of  silvei  ions  to  diffuse  out  of  the  eement  (in  stif/ieiem 
numhers  to  he  loeallv  haeierieidal)  and  the  nieeh.mie.il  properties 
ol  the  silvei  eompoitlld  and  metliv  Imethai  , , late  mix.  Silvei  salts 
that  have  heen  evaluated  (in  eoiieeuiraiions  ranniiii;  from  0.0T>  to 
1 pereent)  are:  ehlotide,  oxide,  sulfate,  and  phosphate.  We  found 
that  silvei  sulfate  exhibited  the  maximum  haeterieidal  elleet  for 
the  longest  period  ol  time  lollowiiii>  implaniation,  and  that  this 
eoinpound  had  no  elleet  upon  the  nieeh.mie.il  properties  ol  the 
metliv  Imethai  rv  late.  Aiitihaeterial  elfeets  ol  .\n:S()4  uiethaeiylate 
prodiieed  a visible,  ineasui able,  /one  of  inhibition  in  eulture  plates 
against  both  gram  positive  and  gram  negative  organisms  (l  ig.  10). 
Some  autihaeierial  aetiv  itv  was  still  obtainable  alter  ID  dav  s ol 
soaking  the  silvei  methaervlate  in  warm  normal  saline,  iiidiialiug 
a prolonged  aetivitv  period. 

At  (his  point  the  eoneept  of  adding  silver  salts  to  metliv  Inieili 
acrylate  hone  cement  as  a local  aiitihaeterial  agent  appears  to  he 
both  effective  and  without  effect  upon  the  nieeh.mic.il  properties 
of  the  cement,  lliocoinpalihilitv  studies  will  he  started  in  the  near 
future:  should  these  indie. He  that  there  are  no  severe  local  toxic 
effects  resulting  from  the  added  silver  (as  compared  to  the  methyl 
methaerv  late  alone)  we  hope  to  arrange  actual  testing  using  total 
joint  replacements  in  dogs  (in  cooperation  with  Cornell  Veterinary 
College). 
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1*  K.l'RK  10.  Bacterial  culture  plates  showing  inhibition  of:  (A)  Staphylococcus  aureus; 
(B)  K.  Coli,  and  (Cl)  Pseudomonas  aeruginosa,  by  silver  antibacterial  bone  cement  (SABC). 
In  these  tablets,  Ag2S04  was  added  to  Simplex-P  Radiopaque  Bone  Cement  in  concentra- 
tions ol  0,  0.05,  0.1,  0.5,  and  1 percent,  reading  clockwise  from  the  top  tablet  in  each 
dish. 


The  entire  concept  ol  silver  ions  as  ellective  broad-spectrum 
local  antibacterial  agents  leads  to  a number  of  possible  clinical 
applications  of  interest  beyond  those  presently  under  study.  These 
would  include  the  use  of  silver  coatings  on  prosthetic  attachment 
devices  designed  to  provide  bony  anchors  for  attachment  by  pene- 
trating the  skin  barrier.  The  silver  would  appear  to  obviate  the 
problem  of  local  bacterial  infections  at  this  site,  and  its  ability  to 
be  attached  to  a variety  of  fabric  materials  may  prov  ide  for  dermal 
ingrowth  directly  into  the  attachment. 
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Electrical  Stimulation  of  Bone  Growth 

|'ho  eleiirii.tl  stiinul.uiun  ol  hone  y;i  o\\  i li  in  ilir  human  l>\ 
low -intensits  direrl  current  continues  *»»  he  evaluated.  A lull  report 
was  published  (Clinii.il  I'.xperieni e w 1 1 It  Low  Inlensiiv  Direct  Cm 
uni  Sliimil.ition  ol  llmii1  Crowlli.  (Min.  Oithop,  .V  Rcl.  Res.  124: 
7;V8.i,  I ?>  7 7.  Becker,  R.  A.  Npadaro,  and  A.  A.  M.uino)  l.isl 

tear  ami  a nuinbei  i>l  additional  cases  lia\r  been  carried  to  coinple- 
lion  Mini'  lin  n. 

An  international  meeting  with  tin-  theme  ol  "I  In-  Meehanisins 
Involved  in  tin'  Stimulation  ami  Control  ol  Regenerative  Crowth 
ami  Un  it  Clinical  Application”  is  being  planned  lor  tin-  Kill  ol 
1970.  t his  will  bring  togethei  a mnuln'i  ol  lines  ol  inqnirv  in  basic 
ri'M'.in -li,  sin  h as  stiinul.iiion  l>\  i lri  lrii  .il  lacinrs,  i ln  inii.il  growth 
sliimil.ition,  ami  inductive  sulrstrati'  stiinul.iiion,  ami  will  relate 
iln'in  lo  ongoing  clinical  research  sin'll  as  tin'  electrical  stiinul.iiion 
ol  Ironr  glow ill.  It  is  expected  that  smh  a meeting  will  hasii'ii  the 
clinical  applii  alion  ol  ailililion.il  tcchnii|ucs  anil  increase  tin*  si  opr 
ol  sin  li  applii  ations  to  im  liulr  tissues  oilier  than  hone. 


\i  eeler.il ion  ol  Rone  ami  Soil  l issue  Healing  l»\  l.lei  trii  al 
St  iiiiul.it  ion 
V A Hospital 

Castle  Point , N.Y.  1251  I 

Helen  Hates  Hospital 

Biomechanics  Researeli  I'nit 

Route  9 -W  . West  llav  erst  raw , N.Y.  1099.'$ 

(1  forge  N .iii  R.  Cochran,  M.  1). 

t his  projei  I is  designed  lo  sluilv  the  effects  ol  electrical  stiniula 
lion  on  the  healing  of  experimental  non-union  in  ranine  hone.  I lie 
ohjeet  is  lo  iuerea.se  understanding  ol  elinie.il  applii  ations  ol  this 
new  technique  in  tiealinent  ol  non-union,  especially  in  those  major 
injuries  involving  large  delects  in  hone. 

During  the  report  perioil,  work  on  further  adaptation  of  the 
investigator  Y model  lias  i oniinueil.  The  prior  technique,  originated 
loi  large  mongrel  dogs,  now  has  heen  niodilied  and  tested  success 
lulls  lor  use  in  laboratory  hied  heagles.  Ihis  advunee  will  improte 
reprodueihilitv  and  uniformity  ol  the  model  soth.it  various  effeets 
of  stimulation  parameters,  im  hiding  eleetrode  design  and  plaee- 
nirnt,  ran  he  rompared  more  el lectively  . 
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lit  Vivo  Loading  of  knot' Joint  Replacement 

Biomechanics  I .ahoralorv 

Bingham  l.nginecring  Building 

Last’  Western  Reserve  I'niversitv 

20  10  Adclhcrt  Road 

(llcvcland,  Ohio  I I lOti 

Riehard  II.  Brown,  Pit.  1).,  kingshurv  llciple,  M.D.,  and 

Victor  M.  (ioldberg.  M.l). 

Since  our  last  report  there  has  been  a change  in  the  methods  ol 
procedure,  formerly,  we  slated  specifically  that  we  would  deter 
mine  the  loads  home  l»\  a total  knee  joint  replacement  in  the 
human  knee  by  instrumenting  a dual  condyl.n  prosthesis  system  of 
our  own  design.  However,  the  prosthesi  s already  designed  and  fab- 
ricated were  destroyed  in  the  process  ol  micropolishing  by  an  out- 
side concern.  Because  of  this  unfortunate  incident,  we  were  laced 
with  the  necessity  of  remanufacturing  out  total  prosthetic  supply . 

Instead  of  simply  temanufacturing  \\ lr.it  ysas  becoming  a some 
yvltal  obsolete  design  in  the  light  ol  recent  prosthetic  ady.inccs,  rve 
utilized  this  period  to  totally  re-evaluate  the  project.  Die  results  ot 
this  re-evaluation  indicated  that  the  most  common  and  useful  pros 
thctic  device  currently  being  utilized  yeas  that  ol  the  total  eottdy  l.u 
femoral  design.  Because  ol  this,  it  yyas  decided  that  the  imcsligation 
should  proceed  along  the  lines  ol  determining  the  load  data  from 
the  most  currently  utilized  implant  devices.  Based  on  this  deci- 
sion, it  was  further  decided  that  the  study  could  best  he  fulfilled 
In  utilizing  a standard  femoral  prosthetic  device  ol  commercial 
manufacture,  and  shifting  the  design  effort  to  the  construction 
of  a t ihi.il  component  that  would  incorporate  a normal  tihial 
plateau  normally  associated  with  the  given  prosthetic  femoral 
component,  yet  he  capable  of  containing  all  the  necessary  telemetry 
electronics  to  telemeter  out  the  desired  in  yiyo  load  data.  Out  cut 
rent  efforts  are  now  directed  towards  this  approach. 

Although  this  represents  a significant  engineering  change  in  the 
project,  we  feel  it  also  represents  a significant  improvement  in  the 
ultimate  ability  of  the  project  to  giye  current  meaningful  clinical 
data,  which  is  the  stated  purpose  of  the  study  . 
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Orthopedic  Implant  Device  Retrieval  and  Analysis 
YA  Hospital 

New  Orleans,  Louisiana  701-1  (i 
Allan  M.  Weinstein,  Ph.  I). 

Ue  are  continuing  to  retrieve  and  analy/.e  orthopedic  implants 
removed  Irom  patients  at  the  Veterans  Administration  Hospital, 
New  Orleans,  l.a.,  and  the  Veterans  Administration  Hospital, 
(.nhunhia.  South  Carolina.  Parts  of  the  implants  retrieved  from 
this  program,  the  screw  plate  type  devices,  were  incorporated  into 
a study  to  determine  the  clinical  significance,  if  anv,  of  crevice 
and/or  fretting  corrosion.  All  devices  were  either  routinely  removed 
or  considered  "clinical  failures.”  No  mechanical  failures  of  anv  of 
the  devices  were  observed.  Correlations  of  the  time  in  situ,  reason 
lot  removal,  and  degree  ol  corrosion  was  performed.  Correlations 
of  chemistry  microstructure,  micro-  and  Rockwell  hardness,  and 
tensile  properties,  were  also  performed. 

.S<  re  ns  mill  their  resfwetive  holes  were  graded  for  severity  of 
corrosion,  Irom  none  to  very  severe,  using  a numbering  system. 

I he  devices  were  next  subjected  to  basic  uvetallographie  examina- 
tion in  which  inclusion  content  and  grain  si/c  were  determined. 
Chemical  compositions  were  also  determined  on  some  of  the  de- 
vices. Macro-  and  microhardncss  measurements  were  made  on  all 
components,  tensile  properties  were  determined  on  some  of  the 
.Jewett -tv  pc  nails,  using  a microtensilc  bar  sample  machined  from 
•he  proximal  plate  area.  Scanning  electron  tnicroscopv  was  per- 
formed on  several  areas  ot  corrosion  to  distinguish  the  differences 
between  crevice  and  fretting  corrosion. 

1 he  following  conclusions  were  drawn  from  this  study: 

1.  Crevice  corrosion  was  observed  in  all  of  the  31til.  stainless 
steel  devices  studied.  It  was  apparently  not  clinically  significant 
for  those  in  situ  up  to  1<>-I8  months;  that  is.  it  did  not  contribute 
to  the  clinical  failure.  However,  it  may  be  a contributing  factor  to 
failure  ol  devices  left  in  situ  for  longer  periods  of  time; 

2.  No  correlation  between  degree  of  corrosion,  time  in  situ  and 
reason  lor  removal  was  observed  in  these  cases; 

.'L  I lie  potential  died  ol  copper  on  the  mechanical  properties 
of  3 lbl.  stainless  steel  is  such  that  it  should  be  brought  under 
ASTM  specifications  for  chemical  composition  for  special  tpialitv 
material; 

4.  A good  correlation,  in  general,  was  shown  between  tensile 
properties,  microstructure,  and  both  Rockwell  and  microhardncss; 

5.  Crevice  and  Iretting  corrosion  are  two  separate  and  distin- 
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guishable  mechanisms,  bill  may  art  simultaneously  and  mav  be- 
come indistinguishable  Iroin  each  other  at  low  magnifications 
(<50X). 

Intramedullary  rods  In  addition  to  the  screw-plate  type  devices, 
a study  was  made  id  2f>  cases  ol  open  reduction  and  internal  fixa- 
tion of  several  fractures  using  the  AO  intramedullary  rod.  Seven 
rods  have  been  retrieved  during  the  normal  clinical  care  of  patients, 
l ive  ol  these  rods  have  exhibited  cracks  emanating;  from  the  proxi- 
mal end  of  the  longitudinal  slot.  It  was  noted  that  the  crack  had 
progressed  a varying  amount  circumferentially  for  each  case,  and 
that  one  case  had  resulted  in  the  proximal  portion  becoming  de- 
tached Irom  the  remainder  of  the  rod  during  removal.  I his  neces- 
sitated leaving  the  remaining  distal  portion  implanted  in  the  pa- 
tient. A complete  failure  analysis  including  detailed  review  of  all 
radiographs,  medical  records,  surgical  procedures,  and  metallurgical 
analyses  of  the  implants  was  performed  on  each  case.  All  im- 
plants were  fabricated  Irom  stainless  steel  and  no  gross  chemical 
or  microstructural  deviations  from  accepted  standards  were  iden- 
tified. It  was  interesting  to  note  that  the  rods  were  fabricated  from 
welded  tubing.  Non  destructive  dye  penetrant  inspection  revealed 
no  secondary  surface  cracking.  At  the  present  time  the  results  of 
this  investigation  arc  still  under  analysis,  and  no  definitive  con- 
clusions have  been  reached. 


• • « • * • • • • m 

Studies  of  Normal  and  Abnormal  Motion 

Kinesiology  Research  Laboratory 

VA  Center 

Wood,  Wisconsin 

Mary  Patricia  Murray,  Pit.  1). 

Ibis  research  began  July  l,  19(>4,  under  the  sponsorship  of 
Veterans  Administration  Medical  Research  and  Development.  In 
KY  1078  the  program’s  funding  was  transferred  to  the  ncwlv  estab- 
lished VA  Rehabilitative  engineering  Research  and  Development 
Sen  ice,  Washington,  D.C. 

The  major  emphasis  this  past  year  has  been  in  the  area  of  quanti- 
tatively evaluating  multiple  components  of  functional  performance 
of  patients  with  severely  disabling  arthritis,  before  and  after  various 
types  of  total  joint  replacements.  The  multifaceted  tests  of  func- 
tional performance  are  done  preoperativcly  and  at  specified  periods 
up  to  4 years  postoperativ ely  whenever  possible.  The  multifaceted 
patient  testing  includes  measurements  of:  the  strength  of  the 
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muscles  spanning  tin-  operative  joint;  joint  mobility;  weight-sup- 
porting activity  (luring  upright  posture;  the  amount  of  force  applied 
to  canes  or  crutches;  and  multiple  simultaneous  displacement  pat- 
terns and  temporal  components  of  gait.  All  of  these  measurements 
arc  compared  with  standards  of  normal  variability  which  we  hate 
pro iousK  established. 

We  believe  the  tests  which  we  have  devised  protide  extremely 
sensitive  indicators  of  the  level  of  improvement  or  decline  in  overall 
(unction,  and  such  quantitative  information  is  essential  for  a critical 
analysis  of  a given  procedure  or  in  comparisons  of  the  results 
obtained  with  different  procedures. 

Total  Hip  Joint  Replacement  Study 

I his  year,  we  published  a study  comparing  multiple  aspects  of 
functional  performance  of  1411  patients  with  McKee  Tartar,  Charn- 
ley,  and  Muller  total  hip  replacement,  before  and  (i  months  after 
surgery  (I).  A comparison  of  the  three  groups  revealed  some  early 
postoperative  differences. 

The  patients  with  Charnley  implants  bad  the  smallest  average 
total  postoperative  ranges  of  hip  motion  in  all  three  planes,  while 
the  patients  with  McKee  Tartar  had  the  largest  average  excursions 
itt  the  sagittal  and  transverse  planes,  and  those  with  Midler  had  the 
largest  excursions  in  the  frontal  plane. 

The  group  with  McKce-T'arrar  replacement  had  the  most,  and  the 
group  with  Charnley  the  least,  improvement  in  hip  adductor  muscle 
torque,  but  the  three  groups  were  similar  in  their  improvement  in 
hip  abductor  muscle  torque. 

The  group  with  Charnley  replacement  had  the  most  patients  who 
improved  in  weight-supporting  ability  on  their  operated  limbs,  but 
the  average  amount  of  improvement  in  weight-bearing  ability  was 
similar  for  the  three  groups. 

There  were  no  consistent  differences  among  the  various  compo- 
nents of  walking,  or  in  the  amount  of  force  applied  to  canes  or 
crutches,  to  indicate  that  one  group’s  overall  walking  performance 
was  better  than  the  others.  On  the  basis  of  average  values,  each 
group  improved  in  every  component  of  function,  and  it  is  gratify- 
ing that,  except  for  a few  patients  who  developed  postoperative 
infection,  each  patient  could  be  considered  to  have  had  successful 
reconstruction  (>  months  after  surgery. 

While  the  functional  performance  during  the  early  postopera- 
tive period  after  total  hip  replacement  is  important,  particularly 
for  the  elderly  and  those  with  limited  life  expectancy,  evaluations 
of  the  long-term  effects  are  of  equal  importance.  Accordingly,  we 
have  made  substantial  progress  in  a study  of  functional  performance 
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<■1  104  patients  with  t.hamlev  and  Miillcr  total  hip  replac cnicnt, 
I'1!"'  ‘",(l  *•  •""l  -4  *»•»«»*•*  -OU-r  surgery.  We  have  collected  .11 
!.  u'  rm,r,l,s  ‘"ul  :"v  «lu-  process  of  analyzing  the  data.  P,c- 
Imiinai \ results  indicate  a significant  amount  of  improvement  in 
, aS.!K'l'1,S  "I  ‘“"“tonal  performance  (i  months  after  surgery  and 
also  further  improvement  between  the  (ill,  and  24th  postoperative 


Roentgenographic  Measurements  after  Muller  Total  Hip  Replacements 

A study  correlating  roentgenographic  measurements  of  prosthetic 
component  positioning  with  hip  muscle  torque  and  mobility,  in  5‘> 
|>atients  with  .\lulle_r_iotal  hip  replacement,  was  completed  and  pub- 
‘ I 111  NK"d'  |)/7  (-)•  Compared  with  the  normal  side,  the  aver- 
age position  ol  the  center  of  the  prosthetic  head  was  more  medial 
and  st, per, or  in  the  pelvis,  and  the  greater  trochanter  was  more  dis- 
al  ami  lateral.  Increasing  the  neck  length  (distance  from  the  pros- 
■hettc  head  center  the  lesser  trochanter)  and  a more  distal 

rr'  . \ r S,lat17  ,r‘K‘l,an“*r*  •»»“>“>?  the  measure, nents 

r‘  ‘.  -<  favorably  to  patient  function.  More  superior  place- 
ment ol  the  center  ol  the  prosthetic  head  in  the  pelvis  was  associ- 

' | , , V m"n'  su»HTi‘,r  of  the  lesser  trochanter,  which 

related  adversely  to  (unction.  Although  the  lin.,1  position  of  the 
prosthetic  components  depends  partly  on  the  anatomy  of  each 
patient,  it  also  depends  on  the  prosthetic  components  used  and  the 
tnannei  ,„  which  the  procedure  is  performed,  both  of  which  arc 
dependent  on  the  judgment,  skill,  and  philosophy  of  the  surgeon. 

I he  results  presented  in  this  paper  should  provide  useful  guidelines 
to  orthopedic  surgeons. 

During  fiscal  year  1977.  we  will  have  completed  more  than  215 
eMcnsivc  mult, lace. cd  tests  of  functional  performance  of  patients 
belore  and  during  the  early  and  late  postoperative  periods  following 
various  kinds  ol  total  hip  and  total  knee  replacements. 

Kinesiological  Measurements  of  Functional  Performance  Before  and  After 
Geometric  Total  Knee  Replacement  (3) 

In  this  followup  of  20  cases,  tests  of  functional  performance 
>i<  conducted  before  surgery  and  3.  (i,  and  12  months  after- 
wards. Measurements  included  joint  motion,  extensor  lag,  isometric 
Mrcngth  ol  the  knee  flexor  and  extensor  muscles,  cane  or  crutch 
‘ ,7  dl,r,n« .waging,  selected  measurements  of  tree-speed  and  fast 
walking,  and  weight  distribution  between  the  feet  during  1 min  of 
lomlortablc  standing.  These  measurements,  except  for  range  of 
motion,  were  compared  with  standards  of  variability  for  normal 
men  m appropriate  age  groups. 
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I In-  group  ol  patients  with  rheumatoid  arthritis  improved  more 
than  those  with  osteoarthritis,  hut  they  did  not  generally  reach  the 
lunctional  level  ol  the  group  with  osteoarthritis,  and  neilhei  group 
reaehetl  the  lower  limits  <>|  normal  variability  I vt  postoperatively. 

I he  lindings  also  suggest  the  importance  ol  emphasizing  mainic- 
name  ol  lidl  knee  extension  in  the  postoperative  regimen  as  well  as 
eontinuing  knee  muscle  strengthening  exercises  lor  a prolonged 
postoperative  period. 

On  the  average,  both  groups  gained  knee  extension,  lost  knee 
flexion,  and  gained  isometrie  knee  flexor  musele  strength  post- 
operatively,  F.vcry  patient  with  osteoarthritis  lost  extensor  musele 
strength  one  year  alter  surgery,  while  most  with  rheumatoid  arth- 
ritis gained.  During  quiet  standing,  most  patients  had  straighter 
knees  postoperatively  and  bore  a greater  percentage  of  bodv  weight 
on  the  operated  limb.  Patients  with  rheumatoid  arthritis  improved 
more  than  patients  with  osteoarthritis  in  the  type  and  amount  of 
loree  applied  to  vanes  and  erutehes.  Most  patients  walked  faster 
postoperatively,  took  longer  and  more  rapid  steps,  improved  the 
pattern  ol  knee  motion  used,  and  had  smoother  forward,  lateral, 
and  vertieal  head  motion. 

Maximum  Isometric  Knee  Flexor  and  Extensor  Muscle  Contractions 

We  have  eompleted  a study  doeumenting  the  ranges  of  normal 
variahilitv  in  isometrie  torque  ol  the  knee  llexor  and  extensor 
muscles  during  maximum  isometric  contraction,  litis  studv  was 
published  in  June  1!>77  (4). 

While  main  studies  concerning  the  strength  ol  the  knee  flexor 
and  extensor  muscles  have  been  previously  reported,  most  of  those 
hav e dealt  with  the  strength  ol  young  adults.  1 he  IS  subjects  in  our 
study  were  healthy  men  in  age  groups  from  20-55  and  45-(>5  vr 
of  age. 

Isometrie  torque  ol  the  knee  llexor  and  extensor  muscles  was 
recorded  for  T>  see  at  knee  joint  positioning  of  SO,  45  and  00  deg. 
For  each  contraction,  we  measured  the  amplitude  and  duration 
of  peak  torcpie,  and  the  time  from  the  onset  of  the  contraction  to 
the  time  ol  peak  torque.  I he  paper  describes  the  dillerences  in  indi- 
vidual patterns  of  torque  output  with  respect  to  time,  since  little 
information  has  been  reported  quantifying  the  nature  of  the  dy 
mimics  ol  the  lorees  generated  during  isometrie  contraction  of 
individual  subjects.  Careful  scrutiny  of  all  of  the  patterns  of  torque 
output  over  time  indicated  that  no  single  pattern  could  he  consid- 
ered representative,  and  this  was  usually  true  even  within  all  of 
the  tests  of  a given  subject.  Peak  torcpie  was  usually  maintained 
for  less  than  0.1  sec  and  never  longer  than  ().!>  see.  At  each  knee 
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joint  position,  I lit-  nu'.m  I'Miiisui  muscle  lor<|uc  was  highci  than 
( lif  mi  . m lli-sor  muscle  ii n ijiu-  lot  both  age  groups.  Ami.  at  each 
knee  joint  position,  tlu-  strength  ol  llu'  men  in  tin-  oldet  age  group 
averaged  75-80  percent  ol  that  ol  the  men  in  t he-  younger  age 
group. 

I Ins  in loi inaiion  will  contribute  to  an  increased  understanding 
ol  tin-  il\  nainies  ol  tin-  motoi  response  during  attempted  maximum 
isometrii  contraction.  In  addition,  this  study  provides  standards 
ol  nonnal  varialiitilv  to  serve  as  baselines  lor  assessing  the  strenglli 
ol  patients  with  knee  joint  disahili lies. 

Gait  Patterns  of  the  Parkinsonian  Patient 

We  have  liiusheil  collecting  data  loi  a study  characterizing  the 
gait  ol  patients  with  parkinsonism  dining  live-speed  and  last  walk- 
ing. and  are  in  the  final  stages  ol  data  analv  sis. 

In  order  to  idcntiW  the  speeilii  gait  eomponenls  which  relate 
s v steni.it le.illv  to  tin-  si-vi-ritv  ol  the  disalulitv  , the  I I patients  vveie 
eategori/ed  into  groups  with  mild,  moderate,  and  severe  disability 
on  the  basis  ol  then  independent  e in  sell  i are  aetiv  ities. 

| lie  measurements  ol  walking  per  I or  matt  v e ol  t he  groups  vv  ill  be 
compared  to  those  ol  an  appiopriate  control  group  ol  normal  men. 

I Ins  stiulv  will  pi ov ide  guidelines  lot  critical  evaluation  ol  the 
eliic.tr \ ol  v.uious  tt<  ainu  til  ptocedures  directetl  at  improving 
In m t iottal  pel  loi ma iti  c ol  patients  with  parkinsonism. 

Publications 

I.  Miiu.iv.  VI  I'.,  I>.  R i.i.n.H  I It,,  v,,  i . R.  t An  ,;> . ami  l ,.  M.  l.anln,  i : Coinpaiison 
,.l  tumlinu.it  IS  i loi  ni.ii  i,  , Min  M>  ko  I. u 1 41.  Cliainlev  .net  Mullet  lul.il  lli|>  Hi- 
oiioii  V Sis  Munlli  I ultuw  t p ul  Om  llumliol  Sislv  tio  Cases.  Clin.  Oitliup. 
.■ml  Ri-I.  R,s„  1-1  iS  4».  l'ia». 

(.mi' II.  K..  M.  I'  Mil  ii. iv . i .,  M o.iulm  ■ . .iml  s IS.  S,  pu  Rut  nig,  nogiaplii,  Mi-asun 
vu, , \|,i||(1  lul.il  llig  Rt  pl.io  in,  ms  Cun,  tali, ms  Vinnng  Rn,  nig,  nogiaplii, 
M.asni,  in,  ms  aii.l  I tip  Mi.  mail  an,l  Muliilnv  | linn,  an.l  tuinl  Sing..  '>■»  A/7:  !MH- 
*»YS,  O,  i.  I »*77. 

.1.  Cullupv  . VI.  ( ..  M I'  Mm i -iv . I ..  M.  l >.n, In,  i . R \.  Dil'liu,  an, I l>.  R.  Cun  Kim-sin- 
lugi,  \l,  asm, -in,  n|v  ut  t mi,  ti,,n.,l  I’,  ilnini.ni,,  It,  Inn  amt  Vlio  (,,',»mciii,  Incit 
Knu  K,  pl.t, , 01,  III  On,  V , at  tulluvv  l p ul  Ivvcntv  Cases.  Clin.  Oitliup.  anil  Ret. 
Res..  I Jl«  I'll,  got;,  lots  Vugiist  1*17,. 

I.  Mtiirav , \l.  I..  I.  M.  Halilvvin.  I ,.  M.  Oanluei . S.  II.  Sepi, , amt  VV  . | . I towns:  M.isinnini 
Is, ,ni,  tn,  Km,  II,  Sul  an.l  I- \l<  nsm  Mus,  I,  Cuntia,  nuns  Nuiinal  P.illiin.v  ul  Inripu- 
Velslis  I nil,  . I’llV  s.  t In  I . '<  . let  . -li-t  .t.  Jllll,  1 1*  , , . 
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Ucctrophysiologic.il  l et  linitjurs  in  Evaluation  and  Correction  of 
•Nru  rum  u st  u lar  I )r fee  t s 
\ A llospii.it 

I d 10  24th  Avenue  South 
Nashville,  rennessee  37203 

1'aul  P.  (iridin,  M.D.,  and  Richard  C.  Shiavi,  I’ll.  I). 

Within  this  project  there  are  several  investigations  in  v.iriou 

tVnm  1>U>ft’SS'  “.'T  *m‘  1100,1,1  “*  «"^l>«atin8  nail  pattern: 
v ! '"  •",‘l  descending  stairs.  g.m  patterns  during  leve 

walk.iu;  a,  various  walking  speeds,  biomechanics  of  normal  hunt.,. 

oonnotn.n  atttl  the  hntetion  ol  the  patellodemoral  nteehanisni 
alter arthroplasty. 

Ascending  and  Descending  Stairs:  A Pilot  Study 

A pilot  study  concerning  the  ascending  and  descending  of  st  ,irs 
'•is  just  been  completed.  Electromyographic  patterns  ol  selected 
lovvit-hmb  muscles  were  investigated  in  male  athletes  ami  non 
a hh  us  tlur. i.o  aseendin8  and  descending  ol  stairs  and  level  walkim- 
Sis.nilii.mt  variability  is  lou.ul  hetween  the  individual  patterns  lo, 
•rscetulnts;  and  dcsccndmg.  although  primary  patterns  eat.  he  identi- 
Ik d.  Some  ol  the  primary  patterns  found  are  different  from  those 

.em  'r -I  ;?°nK  1,1  ilU-  liU‘n"",V-  ,,u‘  atypicalities  did  not  ap- 
I vat  ltlatcd  to  athletic  trainin,  nor  to  the  incidence  of  knee  injury/ 

surgery  anttiUR  the  athletes.  All  gaits  appeared  kinematically  similar. 

Biomechanics  of  Normal  Human  Locomotion 

I wemy  normal  subjects  have  been  studied  while  thev  were  walk 
on  a level  surface  at  fast,  normal,  slow,  and  very  slow  speeds, 
it  limitary  results  indicate  that  a small  percentage  of  the  popula- 
on  lus  muscle  sv-nerSy  patterns  appreciably  different  from  the 
aicvpted  norm.  Changes  m speed  of  progression  from  slow  to  fast 
!,  n°‘  m «nu,al  «•«“’  •'  major  alternation  in  muscle  synergies, 
ovvvur.  gmt  patterns  at  slow  speeds  mimic  some  pathologic  gads. 

A detailed  method  for  assessing  the  actual  muscle  forces  and 

csHm  nr  dUnnR  mnv  being  developed.  I.  will 

estimate  these  quantities  from  measured  kinematic  and  electro- 
myographic  data. 

Patello- Femoral  Mechanism 

The  investigation  of  the  pa.ello-femoral  mechanism  after  arthro- 
plasty has  just  been  initiated.  Its  main  goals  are: 

'•  Io  dc,crminc  ‘he  most  effective  surgical  approach  to  the 
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luuiloti-mor.il  compaiimenl  with  lol.il  knee  replacement  .ulluo 
plastx.  I I U s tixeness  is  diii ncil  .in  ihf  ili'o i i'i-  ol  pain  niiii  dining 
u. iioli'i  .uni  Ni. iii  climbing  activities. 

2.  lo  i Iii i ni'  ilinii  .il,  r.niii »o|- .1 1 >|i u. ■,  dynamic  resistant  c.  .mil 
i|ii.iiiui.ili\i'  I NK.  criteria  loi  ill' 1 1' ii 1 1 1 1 1 u i o prc-operativ  eh  tin-  pre 
till i-il  nu i oil .il  approach  lo  tin-  |). iuilo  linioi.il  compartment  in 
mdtv  nltt.il  }>.tl ii'itlN. 

Maxillofacial  Restorative  Materials  and  lechniques 

Maxillofacial  Research 

temple  l luvcrsilx  School  of  Dentistry 

Ifroail  and  Montgomery  Avenue,  Philadelphia,  Pa.  19122 

John  I-  . I .out/ , I’ll.  1).  and  James  VV.  Schweiger.  l).l).S.,  M.S. 

During  ilu-  period  ol  this  upon  (June  ill,  1977,  u>  Dei.  il, 
1977)  research  has  been  pursued  on  a broad  front,  li  lias  unbilled 
luiulameiii.il  moleeulat  polymerization  mechanisms  lor  opiimum 
biotncch.mic.il  replie.ilion  ol  lit  ino  lisNiie,  eoiiirolled  labriealioii 
technology  , anil  toxie  ami  carcinogenic  assessment  ol  the  materials. 
1 lie  lormer  .tie  indiNpensable  to  providing  sound  scientific  data  tlt.it 
will  assure  the  rcproduccahility  of  high  i jnal 1 1 \ prosilii'ses  eompal- 
ible  with  anatomie.il  tissues,  I lie  latter  is  a h i o 1 1 prioritv  effort  in 
response  to  the  more  stringent  statutory  reipiirements  for  medieal 
deuces  imposed  lit  the  reccnth  enacted  Medical  Deviees  Net 
( 1 976). 

Within  this  broad  Iront,  the  projeet  has  been  developing  anil 
detining  the  teihnii.il/spei  tral  aspeets  of  intrinsie  pigmentation  for 
cosmetic  matching  that  would  suit  the  prosthetist  specialist,  and 
.isccriaining  the  merits  and  shortcomings  of  the  prostheses  when 
they  are  worn  lor  reasonable  lengths  of  time.  For  the  latter  effort, 
the  project  has  also  served  as  a production  lacilin  capable  of  pro- 
ducing orolaci.il  prostheses  for  10  new  patients  per  week  (">00 
yearly).  With  modest  expansion,  the  present  fabricating  eipiipment 
could  accommodate  all  of  the  requirements  for  the  entire  Veterans 
Administration,  with  quality  control  and  performance  standards 
and  records  that  are  believed  to  be  acceptable  to  the  Food  and  Drug 
Administration,  with  the  data  now  being  accumulated. 

Safety  and  Performance  of  Maxillofacial  Prostheses-Conformity  with  Medical 
Devices  Act  (1976) 

Polydimcthy Isiloxane  prosthetic  materials  developed  in  this 
project  have  been  shown  to  be  non-toxic  to  excised  human  oro- 
facial tissues  taken  from  patients  (ages  21  to  59)  using  a novel  test 
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system  involving  dircct-paticnt  assessment  l>\  tissue  culture  tech- 
niqiu-.  I he  test  system,  aimer!  at  accumulatin';  data  for  conformity 
with,  the  regulatory  rei|uirements  of  the  Toxic  Substances  Act  ol 
l‘l/ti  (I)  lor  merlic.il  lies  ices  and  cosmetic  applications,  discrimi- 
nates between  non-toxic  polydimethylsiloxane  elastomers  and 
incidental  sampling  of  hiublx  toxic  polyvinyl  chloride  formulation 
(L*)  and  polyurethane  composition  used  lor  maxillofacial  prosthetics. 
I"  particular,  the  new  test  system,  devised  in  this  project,  circum- 
sents  the  use  ol,  and  dependence  upon,  conventional  animal  testing. 
Conventional  animal  testing  involves  various  animal  species  of  con- 
troversal  acceptance  ,ls  being  correla table  and  valid  to  human 
physiology  and  toxicology;  such  animal  tests  take  up  to  several 
years  to  attain  biometric  validity,  and  involve  costs  prohibitive  for 
use  m marketing  medical  devices  and  especially  those  for  maxillo- 
facial reconstructions. 

Bclorc  the  new  law  was  enacted,  the  Food  and  Drug  Administra- 
tion initiated  anticipated  standards  development  activities  for  13 
groups  ol  medical  devices,  including  orthopedic  and  surgical  im- 
plants. denial  materials  and  devices,  and  others  (1).  This  portion  of 
the  project  has  been  designed  (3)  to  provide  proof  and  data  for 


1 ABLE  V.  .Uiumulurion  uf  Srltxh-il  Human  1 issut-  for  l hi-guiiu;  loxuit\ 

/« sting  in  / r ogress  **  u ith  l P.  MS  (Polyiltmethylsiloxane  hi  us  to  trier ) Prosthesis 


Patient  Code 

Age 

Sex 

Race 

Tissue 

Comment 

A.  Control  Croup  (no  carcinoma) 

DC 

46 

M 

w 

Gingiva 

Routine  dental 

CN 

62 

M 

w 

Gingiva 

Routine  dental 

»u 

62 

M 

w 

Gingiva 

Routine  dental 

K.\l> 

21 

M 

w 

Gingiva 

Routine  dental 

PX 

19 

E 

w 

Gingiva 

Routine  dental 

BJ 

48 

M 

w 

Gingiva 

Routine  dental 

OE 

20 

F 

w 

Gingiva 

Routine  dental 

III) 

51 

M 

w 

Gingiva 

Routine  dental 

rj 

20 

M 

w 

Rhino-mucosa 

Surgery 

B.  Carcinoma  cases  (or  surgery) 

JO 

54 

M 

w 

Rhino-mucosa 

Surgery 

FW 

— 

M 

w 

Rhino-mucosa 

Surgery 

(»oj|:  Biometric  Data  Bast*  shown  in  Figure  12,  with  at  least  32  patients  in  each  matrix 
block. 

J Ihe  table  shown  here  is  only  a select  listing  to  illustrate  the  accumulating  cohort. 
bl  scd  as  reference  standard  because  of  youth  and  no  adverse  physiological  profile. 
c First  case  of  direct  patient  testing:  see  Figure  13. 
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xalcty,  invoking  loxicilv  and  carciiin^cnh  ii\  tcslint;  on  the  e\(  iscd 
orul.u  i.il  tissues,  .md  lor  performance,  in  cnnlnrm.mcc  with  the 
ici;iilatiniis.  this  entails  well  del  mid  materials  .md  product  spccili 
cations,  .uul  controlled  fabrication  processes  with  del. tiled  record 
keeping.  I lie  statutnrv  rci|iiircmcnl  also  applies  to  proof  of  sale  I \ 
and  pcrlorinancc  even  alter  repealed  hygienic  inainlenance  which 
(.in  result  (lot  certain  materials)  in  clieinic.il  attack  to  the  pros- 
thesis with  attendant  toxicoi;cnic  reactivity  to  human  tissues.  Ulus 
native  ol  the  uniipte  chemical  resistance  ol  the  dimethylsilicone 
cnnl  initiation  ( I)  used  cxclusivelv  in  this  project,  limited  compari 
sons  have  keen  made  with  the  competitive  maxillofacial  materials, 
namely,  polyvinv  I cliloride  plasticized  with  low  molecular  weight 
additives  (5)  and  polyurethane  polymerized  to  low  modulus 
products  ((>). 

I<  slim;  lit  lulls  ami  lit  . suits 

I aide  I summarizes  the  accumulation  ol  selected  human  excised 
tissue  troll)  over  It)  candidate  samplings  to  develop  the  pool  (oi 
cohort1*  as  this  is  currcnlk  termed  in  studies  on  human  exposure  to 
toxic  chemicals  or  environments)  from  which  a hiometric  data  base 
( .in  lie  periodical!}  evaluated  for  risk/benelii  estimates,  lot  tracing 
special  stiscepl ihilit v such  as  allen;cnicily , and  lot  tracin';  am  harm 
lul  elici  ts  that  may  have  been  due  to  sub  standard  materials  or  im 
proper  labricalion. 

flic  aecumulatiiii;  data  base  in  depicted  in  I'i^nre  I I (which  lists 
three  principal  groups  ol  human  tissues  that  are  relevant  to  use  of 
biomaterials  including  skeletal  extensions)  and  in  f inure  I ‘J.  Croup 
I concerns  salclv  and  pcrlorm.mcc  to  mucosal  tissues,  which  mav 
not  themselves  reveal  toxic  ot  “rowlli  inhibit ivc  effects,  but  throunh 
which  minralahlc  toxicants  could  reach  lari;et  tissues  in  (iroup  11. 
niv  im;  rise  not  only  to  orjj.in  toxicilv  but  also  chemical  onconcnicitv  . 
Considering  that  a significant  sci>mcni  ol  the  patients  contributim; 
to  the  ,n  cumul.it inn  pool  or  cohort  have  on-i>oin>;  carcinoma  that 
could  metastasize,  it  bei  nines  important  to  include  the  Croup  II 
target  cells.  I his  becomes  espec iallv  true  for  the  bladder  ornan 
vvhii  It  has  come  into  much  prominence  from  industrial  and  environ 

■' 1 In  tom  inlii.it.  .iitmtlimt  I*'  nnroil  us.uii  t.\  tin-  N.ilinn.it  tnsliliilr  i>!  Oi  i npal ioii.il 
Health.  h Kites  in  .i  methodnluKX  ol  assemhlinti  hiometru  information  on  .1  target  group 
ol  mdix  iduals  I mm  w lti«  h « aiisat  ixe  l.i«  tors  leading  to  pathologic  .il  » omlitions  .nr  e\tra«  i 
ed  loi  establishing  nsk/henelit  xahie  judgment.  Hi  is  same  methodolog\  is  used  m this 
|*io|c«  t to  nht.im  tlu  analogous  nsk/henelit,  using  a<  tii.il  e\»  iscd  hum. in  tissues.  | hus.  d 
it  i.iu  In*  shown  lh.it  .V«!  patient  tissues  limes  .'ll!  pros! loses  showed  negative  to\i«  it \ 
(using,  ot  « ouise,  positive  controls)  then  sm  h data  i ould  constitute  a basis  lor  M>.\ 
approx. il  ol  the  spec  died  I'OMS  lormnlation  and  the  certified  polymerization  conditions. 
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ACCUMULATING  PATIENT  POOL  (COHORT)  EXCISED  (DONOR)  TISSUES 


“ See  RPR  10-25.  69-96. 
Sprinq  (1976) 


FUit'RK  11.  Human  excised  (donor)  tissue  from  orofacial  patients  subjected  to  related 
tissue  culture  toxicity  test,  involving  mucosal  and  target  organs  for  the  biometric  data  base 
shown  schematically  in  Figure  12.  The  method  is  applicable  to  skeletal  extension  pros 
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1 1 

I 

i 

! ' 
I j 


1 

v 


| EXCISED  (DONOR)  BLADDER  TISSUES 

j EXCISED  (DONOR)  INTESTINAL  TISSUES 

| EXCISED  PHARYNX  TISSUES 


EXCISED  NASAL  MUCOSA  TISSUES 


EXCISED  CINCIVAL  PATIENTS'  TISSUES 

ACE  CROUPS  (TENT.) 

16 

24 

40 

53 

35 

SEX 

RACE 

CANCER  CASES 

RADIATION  CASES 

t k | * i 


BIOMETRIC  DATA  BASE 


TARGET 

ORGANS 


OROFACIAL 

TISSUES 


hUtUKh  12.  Bio  metric  Data  Base:  direct  patient -donor  tissue  and  target  oiyan  4 ell 
toxicity -testing  for  developing  an  accumulated  cohort  of  non-toxicitv  lor  H>  \ review  and 
approval  (11). 


1 AUl.F  2.  Summtir\  of  Selected  Tissue  (.ulture  li  sts  on  TPMS  Tubrieuted  Trostheses 


Composition 

No. 

Pro,  theirs 
for 

patient 

Form 

Patient 

(donor) 

(awe) 

Tissue 

Result 
(toxieitv ) 

LI  24-21 -S3 

1*62 1 

S.N. 

Nose 

R.L. 

(59) 

(ungiva 

Nes. 

L-124  21 -S-l 

P-624 

M.A. 

Orbit 

R.L. 

(59) 

(nngiva 

Ne^ 

I.  124  214.4 

P-640 

R.F.. 

Orbit 

R.L. 

(59) 

liingiva 

Nets. 

l.  124  214*4 

P-641 

K.K. 

Ear 

R.L. 

(59) 

Ciingiva 

New. 

LI  24-21 -S-4 

P-643 

B.N. 

Ear 

R.L. 

(59) 

(nngiva 

New. 

L-124  214S-S 

P-621 

S.N. 

Nose 

I1.E. 

(51) 

Gingiva 

New. 

L-I24-21-S-4 

P-640 

R.E. 

Orbit 

I.C. 

(54) 

N -Mucosa 

New. 

l.  124  2144-4 

P-641 

R.E. 

Orbit 

.1.0. 

(54) 

N -Mucosa 

New. 

LI  24-21 -S-4 

P-633 

B.N. 

Ear 

J.C. 

(54) 

N -Mucosa 

New. 

Direct  Prosthesis-to-Patient*  (Figure  ID) 

1.  124  21  S I 

P-689 

J.c. 

Nose 

JC- 

(54) 

N -Mucosa 

4A  first  in  this  project,  i.e.,  testing  the  formed  prostheses  on  the  patient's  excised,  in  this 
case  orofacial  tissue,  cultured  and  stored  for  testing. 
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mental  long  term  exposure. 

Table  2 summarizes  the  test  data  obtained  thus  l.ii'  with  v>in.ni\.il 
and  rhino-mucosal  tissues  taken  from  the  pool,  with  tests  carried 
out  in  what  is  becoming  a routine  clearance  of  a fabricated  prosthe- 
sis designated  for  a specific  patient.  It  is  of  particular  significance 
that  the  system  is  being  adapted  to  a direct-patient  test  of  the  fitted 
prosthesis,  using  segments  taken  as  excess  flash-out  front  the  mold- 
ing process.  Thus,  as  indicated  in  Table  2,  Patient  )C  has  his  own 
N -nasal  (Nose)  mucosal  tissue  tested  against  bis  prosthesis  desig- 
nated as  P-68‘).  This  provides  a system  of  prosthesis  check-out 
specific  to  the  patient,  according  to  the  scheme  depicted  in  Figure 
13.  Thus,  during  the  operation  (in  this  case  the  removal  of  a nose 
carcinoma)  a section  of  non-carcinoma  area  is  subjected  to  tissue 
culture  growth  and  tests  in  the  presence  of  the  prosthesis  flash-out 
material.  Following  a period  ol  convalescence  to  allow  the  remain- 
ing orofacial  anatomy  to  be  stabilized,  the  prosthesis  can  then  be 
fitted  with  the  assurance  that  it  is  not  harmful  to  the  nasal  mucosa. 


, PAT  LENT  ADMITTED 


SURGERY  • PERFORMED 


CONVALESCING 


( REHAB I L I TAT t ON  COUNSELL INC ) 


! JO 

* 

TISSUE  TESTS-  NON-TOXIC 


I ,t.  DISCHARGED 

1 1 1 

60  DAYS  jl*ROSTHKS  I S 

KITTED  W1TI. 
COSMETIC  MAIYIU.V. 


PROSTHESIS  TOXIC  ITY  TEST  INC. 


TISSUE  CULTURE  STARTS 


MODEL— SCULTUR  INC 
WAX  REPLICATION 


PROSTHETIC 


FIGURE  IS.  Direct  patient  tissue  prosthesis  testing,  using  excised  orofacial  tissue  (gin- 
giva, rhino-mucosa,  etc.)  taken  during  surgery . Protocol  formally  initiated  with  Patient  JC 
(10/13/77)  (Table  I). 
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I ABLE  3.  Summary  of  Tissue  Culture  Tests  on  Competitive  Polymers 
for  Orofacial  Prostheses. 


Chemical 

Code  Source  Form 

Patient 

(Age) 

Tissue 

Designation 

source 

form 

Polyvinyl 

PVC-121  Esschem  Co.a  Molded 

R.L. 

(59) 

Gingiva 

Highly 

chloride  (PYC) 

Sheet 

Toxic 

plasticized 

PVC-121  KsschemCo.a  Molded 

J.C. 

(54) 

N -Mucosa 

Highly 

Sheet 

Toxic 

Polyurethane 

L-l  24-91 -A  Gonzalez  ^ Nose 

S.T. 

(60) 

Gingiva 

Highly 

(Dermathane) 

(untreated) 

S.T. 

(60) 

Gingiva 

Toxic 

Highly 

Toxic 

L-l  24-9 1 -B  Gonzalez^  Nose 

J.C. 

(54) 

N-Mucosa 

Highly 

Toxic 

(NaOU)c 

J.c. 

(54) 

N -Mucosa 

Highly 

Toxic 

J Prototype  111  made  according  to  Sweeney,  A.B.,  ct  al.  (Reference  2)  Evaluation  of 
Improved  Maxillofacial  Prosthetic  Material.  .).  Prosthetic  Dentistry,  27,  297-305,  March, 
1972. 

^Obtained  Irom  Dr.  Juan  B.  Gonzalez  (Letter,  Lontz.John  E.,  April  10,  1977). 

* Hygienic  maintenance  in  sodium  hypochlorite  (L'SP). 

Tabic  3 summarizes  an  on-going  surveillance  of  competitive  max- 
illofacial materials,  namely  polyvinyl  chloride  with  plasticizer  (5,  7) 
and  polyurethane  which  depends  upon  dibutyl  tin  dilaurate,  a toxic 
substance  (8),  to  effect  the  polymerization  (6).  This  surveillance  is 
deemed  appropriate  for  providing  technical  guidance  in  adjusting 
these  materials  with  their  catalysts  and  other  components  that 
would  eliminate  the  contributing  toxic  factor  or  factors. 

Clinical  Rehabilitative  Evaluation 

Concurrent  with  the  toxicity  testing,  using  excised  human  tissue 
in  tissue-culture  techniques,  there  is  an  active  field  evaluation  pro- 
gram. Solicitations  have  been  extended  to  a number  of  maxillo- 
facial centers  ( Table  4).  This  portion  of  the  project  is  intended  to 
obtain  the  consensus  among  cosmetic  prosthetic  specialists  or 
technicians  in  regard  to  the  intrinsic  coloring  that  is  applied  to  the 
polydimethylsiloxane  formulation  described  in  Table  5.  For  the 
simplest  possible  formulation  of  the  pigmentation,  the  nearest 
match  to  the  red  hemoglobin  is  achieved  by  means  of  an  organic 
pigment  and  the  match  to  the  yellow  carotene  is  achieved  by  means 
of  pure  yellow  iron  oxide.  (To  accommodate  specialists  accustomed 
to  employing  red  and  blue  flock,  these  have  also  been  prepared  and 
sent  out  for  field  evaluation.) 
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1 .Mill.  4.  Summary  oj  txtra  mural  Purtii  ifmnts  in  PMPS  h-os  thesis  /• valuation 
Period:  Jan.  / to  Pec.  M,  1977 


Prosthetii 

Number 

Number 

Number 

Center 

of 

of 

of 

{Hospital) 

patients 

i ompositions 

prostheses 

Veterans  Administration,  New  York 

9 

5 

2b 

Memorial  Hospital,  New  York 

b 

4 

IS 

1 ctnple  thmersity  School  of  Dentistry, 

$ 

.s 

12 

Philadelphia,  Pa. 

Duke  I'niversity . Durham,  N.C. 

i 

4 

4 

(Private  practice)  kantor 

i 

4 

4 

Cracow  Medical  Academy 

4 

.s 

14 

Pending  solicited  to  participate : 

M.D.  Aiulrrson  Tumor  Institute,  Houston,  Texas 

4 allotted 

4 

Iti 

Mayo  Clinic,  Rochester,  Minn. 

4 allotted 

4 

Hi 

/.oiler  Clinic,  Chicago,  111. 

4 allotted 

4 

Iti 

1 AB1.F  5.  Hast"  l*PMS  I'rcfndymcrOligomer  (SO/ JO)  (omfn>situ>n 

with  Intrinsic  I'iym i 

rotation 

Weight 

Crams 

Parts  (%) 

(a)  Prepolymer  (gum  stock) 

lti.O 

(80.0) 

Cenerol  Electric  SF-4524U 

or 

Dow  Corning  M1)X  44514 

(b)  Oligomer  

4 0 

(20.0) 

Dow  Corning  Silicone  Fluid  200 

or 

C.eneral  Klectric  Kc|uivalent 

(c)  Pigments  (from  100X  Concentrate) 

. . 0.2  0.1  0.0 5J 

Pure  Yellow  Oxide  (Pfizer) 

0.375 

Pure  Titanium  Dioxide  (DuPont) 

-.00 

Red  Flock  (Claremont) 

2.50 

Blue  Flock  (Claremont) 

(Varied  preferences) 

(d)  Total 

20  2 

(100) 

‘‘Progressive  intensities 


During  the  past  year  699  prostheses  have  been  made  in  the  sim- 
ple and  inexpensive  dental  stone  molds  (9)  which  can  he  used  more 
than  40  times  within  the  prescribed  thermal  range  (100  deg  to  120 
deg  C)  ot  the  polymerization  (curing)  conditions  lor  the  poly- 
siloxanc  elastomer  fabrication. 
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Hu-  field  evaluation  program  commenced  in  April  1977,  and  to 
date  there  have  been  no  reported  delieieneies.  This  experience  is  in 
line  with  the  experience  in  our  own  Maxillofacial  Prosthetic  Center 
as  lat  baek  as  years,  using  the  polydiinethylsiloxune  prepared 
according  to  the  formulation  indicated  in  Table  5.  The  participants 
are  expected  to  return  unserviceable  prostheses  tor  chemical, 
physical,  and  microbial  inspection  and  evaluation. 

Product  Development 

Fundamental  to  the  priority  efforts  of  toxicity  testing  lor  safety, 
and  lield  evaluation  lor  performance,  has  been  the  indispcnsiblc 
product  development  portion  of  the  project  with  its  dependent 
programs  ol  fabrication  technique  and  pigmentation  of  the  fabri- 
cated prosthesis.  The  principal  feature  of  the  polydiinethylsiloxune 
prosthesis  formulation  is  the  use  of  a prepolymer  (usually  referred 
to  as  the  gum  stock)  to  which  is  added  an  oligomer  to  lower  the 
modulus  to  more  nearly  approximate  that  of  living  tissue  in  the 
sense  ol  the  stress-strain  profile  or  the  stress-elongation  response 
(10).  From  the  standpoint  ol  polymer  mechanisms  and  kinetics, 
this  aspect  ol  polymer  science  has  not  been  accorded  any  basic 
investigation  ofvvhat  happens  when  process  variables,  with  different 
tree-radical  catalysts,  are  imposed  to  convert  the  prepolymer  into  a 
well-churucteri/.ed  elastomer. 

lable  6 illustrates  a typical  case  in  which  these  variables  have  a 
pronounced  efleet  on  the  tensile  characteristics  of  the  formulation 
indicated  in  lable  5,  with  an  interpretation  ol  the  mechanisms  that 
are  believed  to  be  involved.  Applying  a novel  correlation  of  the  net 
elongation  after  polymerization,  with  the  two  free-radical  catalysts 
benzoyl  peroxide  and  2,4-diehlorobenzoyl  peroxide  (designated 
BZPO  and  2,4-DCBI’,  respectively)  it  becomes  apparent  that  raw 
materials  from  a single  manufacturer  of  silicone  materials  can 
acquire  entirely  dillerent  sets  ol  tensile  properties.  It  is  on  this  kind 
ol  basic  information  that  the  eventual  specifications  for  effective- 
ness ol  the  prosthesis  as  a medical  device  will  have  to  be  based. 

At  present,  the  fabricating  conditions  are  restricted  to  the 
temperature  and  time  conditions  indicated  in  Table  6.  The  program 
will  require  a reasonable  exploration  of  the  limits  of  these  condi- 
tions. On  the  one  hand  this  may  supply  the  data  to  identify  excessive 
application  of  the  polymerization  conditions,  excessive  use  of 
catalysts,  and  so  on,  that  can  crop  up  unsuspcctedly  and  thereby 
tail  to  provide  the  quality'  ol  performance  and  possibly  compromise 
the  safety  that  could  be  evident  in  the  tissue  toxicity  tests.  On  the 
other  hand,  insulficient  application  ol  the  polymerization  condi- 
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1 ABLE  6.  Com/wriion  of  H/4\)  and  J, 4 -PC  BP  usin y St.  4524  Prc/ndymcr 
Formulation;  Prepolymer  16  grains  (HO  pails) 


Oligomer  4 grams  (20  parts) 
Polymerization  100  C for  2 hours  (curing ) 


Code 

notebook 

reference 

Catalyst 

Amount 

(grain.) 

Tensile 

L'onstants 

Modulus 
(Ib/sq  in) 

<M) 

Strength 
(lli/sq  in) 

(S) 

Klongation 

(%) 

S/M 

quotient 

L-124-27-A 

B/.IH) 

0.05 

80.10 

210.5 

649.7 

2.65 

L-124-1 7-A 

2,4-DCBP 

0.05 

52.06 

128.5 

1270 

5.95 

L 124-27  B 

BZPO 

0.10 

129.5 

251.5 

426.9 

1.94 

1.-124  17  B 

2,4-DCBP 

0.10 

54.77 

515.9 

1 141 

5.75 

L-124-27-C 

BZPO 

0.20 

205.0 

261.5 

259.1 

1 .29 

L-124-17-C 

2,4-DCBP 

0.20 

115.1 

568.8 

856.2 

4.94 

To  convert  to  metric  system:  Ib/sq  in  X 0.07037  :J kg/cm3 

Possible  mechanistic  interpretation: 

Chain  lengthening  related  to  increase  in  elongation 

Chain  branching  related  to  decrease  in  elongation  and  decrease  in  modulus 
Chain  cross-linking  related  to  increase  in  modulus  and  increase  in  stress  at  failure 

lions  may  give  pros  theses  that  would  fail  to  meet  the  expected 
performance,  and  especially  durability. 

References 

1.  Horton,  Linda:  Medical  Devices:  Strengthening  Consumer  Protection.  I DA  Consumer, 
Oct.  1976.  1IEW  Publication  No.  (FDA)  774005. 

2.  Sweeney,  A.  B.,  et  al.:  Evaluation  of  Improved  Maxillofacial  Prosthetic  Material. 
J.  Prosth.  Dent.,  27:297-305,  March  1972.  (In  the  test  indicated  in  Fable  3,  the  test 
sample  was  Prototype  111  furnished  to  the  writer  by  Fsschem  Co.,  June  3,  1974.  See 
Table  3.  footnote  a,  of  this  article.) 

3.  Lontz,  John  F.,  Principal  Investigator.  Application  for  Renewal  of  Contract 
V101(134)P-337.  Prosthetic  and  Sensory  Aid  Service  Research  Contract.  April  25, 
1977.  Comprehensive  Development  Plan. 

4.  LeVier,  Robert  R.,  et  al.:  Biochemistry  of  Silicon  and  Related  Problems,  Symposium, 
Nobel  Committee,  Stockholm,  August  1977.  (A  copy  of  this  overall  review  of  the 
multi-faceted  role  of  polysiloxanes  in  medical  and  surgical  applications  can  be  obtained 
from  the  Editor,  Materials  News,  Dow  Coming  Corp.,  Midland,  Mich.  48640.) 

5.  Struber,  Victor  R.:  Theory  and  Practice  of  Vinyl  Compounding,  Argus  Chemical 
Corp.,  New  York,  Publisher,  1968. 

6.  Gonzalez,  Juan  B.:  Clinical  and  Laboratory  Experience  using  Polyurethane  Elastomers 
for  Facial  Prosthetics.  First  International  Symposium  for  Facial  Prosthetics,  April 
1976,  Arnhem,  the  Netherlands. 

7.  Guess,  Wallace  L.  and  Sol  llaberman:  Toxicity  Profiles  of  Vinyl  and  Polyolefinic 
Plastics  and  Fheir  Additives:  J.  Biomed.  Mats.  Res.  2:313-335,  1968.  (An  extremely 
handy  reference  of  all  the  adventitiac  introduced  into  polymers,  which  in  the  context 
of  immediate,  competitive  marketing,  can  be  highly  suspect  contaminants.) 


154 


Other  VA  Research  Programs 


lv"ki'"  n»-  u.n, , 

rounds.  alls  I mi,  iv(mlt  Mu.  ..  i.uiiiIh, 

y i V,m',,um's  (6>>  ‘“r  IIIK.II  K I \ ,,1,  t,„„.s 

*><  "><■  An,erka,™la;|t,  , the  !iti, 

10  1 onu  S'‘"'",Ur  7 l0-  Maxillofacial  l‘rosUu  tils,  S.„,  | 



> >""<■  Culture  Studies  I s " ,"u"  Com-la, i„„  from  I issue  r-, 

ul  Morpliol»KKj|  Charaetenstks  ol  (dllur^l  'litros*‘,l*i‘  (SI  M)  Assessment 

,ro,wu‘"'  *“**«.>.  «-  vcms.  se,„ ;^n  , 

Permanently  Attached  Artifkal  I imhs 

SV-7,,R™h,-i«- 

s-»00  C.ulcbra  Road 
Sa"  Antonio,  Texas  7hl»84 

,UI-  M l).  ami  Hi 

Introduction 

Attempts  to  brim>  4i  >i 

;;,tln ^vci..p per, ,lu‘ skin-  »> 
through  variety  of  methods ( >,  1 h:nv  K,mv 

S«>  'msh  ««•«*  lias  smvtl  as  «|u.  , ‘ ' ^ " r . The  til.u,  of 
imported  our  early  attempts  ,o  v^TT  I ,,, "7* n Ul'  l,J'v  P^’viouslv 
ami  supra, kt, „s it.a|  devices.  A„  . ' ‘ '<*‘1*.  supracorticul 

"aim  that  caused  them  to  f,ij-  M M<*  “’""»»>»  denomi- 

- 


Intramedullary  Approaches 

■ *l 


intramedullary  ea.tai.  therein  dcstrovi,  j ‘ «uintcrborinK  ,|u. 
i"U;m,.‘,n  h‘“*  'uhsetjuentK  Inc  , ? A*'  n'Urk,,»  ^tery.  Our 

‘",,kr|s  which  he  .leserihes  the  " ■ hulnu  k Rhine- 

r;’n!  ' "utrient  arteries  „l  I i * ‘ "a'Uio"  >'s  heiin. 

"I  cortex.  1 |,is  accounts  n,r T T ‘HU  “» 'he  periphery 

cireulatitm  with  the  remainder  hein  *'  "'r  '/”*  01  ’*u'  tol.il 

xained  this  '^2  * ,hr  ****««•«. 

toward  n,aki„K  a l>„m  attaehnte  u ,1  i PlS  Wm*  "un  ‘*"‘etcd 
medullary  canal.  Ilovveur.  these  nu  th  '7"'  ihe  intra- 

periosteal)  were  etiden.lv  etusitm  (»uprac»r,ieal  and  supra- 

oednston.  Although  the'resuliin*  "A  ,'rU‘J>|‘,,",w*e  atul  venous 

nnU'1  "'"amednllary  rcamm.  tluTvv  w HI  dWnwh  ,k" 

• slul  necrosis  of  the 


Bulletin  of  Prosthetics  Research-Spring  1978 


distal  1 - 1 1 ji  til  dI  the  lihiul  shal t . 

Alter  discussing  this  problem  with  Dr.  Rhinelander,  we  lahri 
call’d  a prosthesis  ulili/iny  a sell -hroaeliiny  hur.unediill.nv  Si  hneidei 
nail.  Iheorelieullv,  the  area  between  the  llutes  allows  room  lot 
retaining  the  intrameilullarv  vascular  channels.  In  ordet  to  increase 
the  area  between  the  Hull's,  we  redesigned  the  nail  tonne  which  is 
trilluteil,  rather  than  ipiudr.tllulcd.  lhe  pedestal  remains  ven  much 
the  same  as  the  supraperiosteal  cup.  which  has  three  luys  pene- 
trating the  shin  in  areas  id  a uniaxial  lorce  lielil. 

It  was  lound  rather  earlv  lli.it  llutes  liuviny  a diameter  laryc 
cnouyh  to  stabilize  the  intrami  dullary  nail  were  too  laryc  to  be  seal 
eil  with  a single  pass  with  a broach.  Attempts  to  use  the  sell 
Inoai  hiny  teeth  invariabK  shattered  the  somewhat  brittle  shall  ol 
tile  yo.it  tibia.  Step  broaches  ol  iiu  reasiny  diameter  were  lahricalcd 
and  used  in  the  last  two  attempts  with  excellent  results. 

Although  the  pilot  model  (based  on  the  original  ipiadr.il luted 
Schneider  nail)  was  succcsslulh  placed  in  a yoat.  no  attempt  had 
been  made  to  alter  the  hiylilv  polished  stainless  steel  surlace  to 
provide  lor  bonv  inyrowth  (Fiy.  I I).  Hie  pedestal  and  lays  were 


lltilRK  14.  One  ciiit  of  a Schiu’iili’r  nail  li.is  turn  affixi'tl  to  a triluirm'd  stainless  slii’l 
pedestal.  The  pedestal  .uni  tuns  have  been  eoatfil  with  n\  Ion  velour  for  tile  skin-intert.u  inn 
reipiire rnents.  Ihe  surface  of  the  nail  ri’inains  unalleretl  in  this  prototv  pe. 
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hUil'Kt-  IS.  Muddied  intt jim'ftultar\  nail  luving  three,  rather  than  tout,  tlulev  Kxrept 
lor  the  broaching  teeth,  the  entire  device  has  been  covered  with  l*roplast'"'. 


coated  with  nylon  velour  to  provide  lot  skin  interfacing  tinly. 
Intimately,  the  intramedullary  pin  loosened  and  the  animal  had  to 
he  saerilieed.  1 here  was  no  evidence  til  hone  necrosis  cither  radio- 
graphically or  grossly  alter  -1  months'  implantation. 

Subsequent  models  (Fig.  15)  have  been  sent  to  l)r.  Charles 
llotnsy  ol  Houston,  Texas,  for  coating  with  Proplast®.  This  mater- 
ial has  gained  wide  acceptance  as  a tissue  interlacing  material  and  is 
being  used  clinically  for  maxillofacial  reconstruction.  Its  skin  inter- 
facing properties  are  unknown  at  this  time,  but  it  appears  to  be  on 
par  with  velour. 

The  above  described  approach  seems  a step  closer  to  the  ultimate 
for  the  following  reasons: 

1.  It  leaves  the  intramedullary  and  periosteal  circulation  pretty 
much  intact; 

2.  The  device  is  coated  with  a tissue  inter!. icing  material,  which 
(it  is  hoped)  will  suffice  for  both  bone  and  skin;  and 

3.  Penetration  of  the  skin  utilizes  the  involuted  approach,  which 
should  keep  the  skin  from  retracting  away  from  the  penetrating 
members. 
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Currently,  we  are  applying  a 1'liomas  leg  splint  to  the  limb  at  the 
time  ot  surgery.  1 his  is  left  in  place  lor  6-8  weeks,  after  which  the 
splint  is  replaced  with  the  permanently  attached  exterior  pylon. 
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Mobility  Engineering  for  the  Severely  Handicapped 
Mobility  Engineering  and  Development.  Inc.  (MED) 
7131  liavenhurst  Ave. 

Van  Nuys,  California  91406 

Charles  M.  Scott  and  Ronald  E.  Prior.  Ph.  D. 


No  progress  report  was  submitted  by  this  contractor  for  this 
report  period. 


Development  of  a Wheelchair  Using  a Myoelectric  Control  System 
VA  Hospital 

1400  Veterans  of  Foreign  Wars  Parkway 
West  Roxbury,  Massachusetts  02132 

.Main  B.  Rossier,  M.D.,  Mehdi  Sarkarati.  M.D.,  and  C. E.  Crawford.  Jr. 

1 he  object  of  this  research  is  to  develop  a myoelectric  control 
system  that  will  operate,  with  barely  perceptible  twitches  of  surface 
muscles,  in  environments  having  levels  of  electrical  interference  that 
are  typically  encountered  by  one  traveling  in  a wheelchair.  The 
system  is  to  be  microprocessor  controlled,  and  have  electrical  stimu- 
lation for  feedback,  both  to  avoid  excessive  muscular  activity  by 
the  operator  and  to  assist  in  the  control  function. 

During  the  period  from  June  30  to  December  31,  1977.  develop- 
ment ol  the  myoelectric  portion  of  the  equipment  was  completed,  a 
preliminary  breadboard  of  an  electrical  stimulation  module  was 
constructed,  and  writing  of  the  microprocessor  program  started. 
I he  achievement  of  high  myoelectric  sensitivity  simultaneously 
with  a high  degree  of  interference  immunity  was  accomplished  by 
us.  ot  a combination  of  the  following  techniques: 

1.  Totally  shielding  the  amplifiers  providing  the  first  70  db  of 
gain  in  a small  (5.8  X 2.6  X 0.9  cm)  enclosure; 

2.  Placing  this  enclosure  (with  silver  disc  electrodes  built  into  its 
surface)  on  the  skin  directly  over  the  muscle  to  be  monitored; 

3.  Using  a shielded  cable  from  this  enclosure  to  the  shielded 
postamplification  and  signal  processing  equipment; 

4.  Providing  both  a high  common  mode  rejection  ratio,  and 
1 locking  the  flow  of  common  mode  interference  current,  (by  using 
an  optical  coupler  in  the  signal  path  and  a 29  MHz  radio  frequency 
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coupling  system  tor  the  primary  power  source); 

5.  Using  low-noise  transistors  (equivalent  input  noise  voltage  of 
5 nVVIE)  in  a configuration  that  provides  a low-system-noise 
figure; 

6.  Limiting  the  system  bandwidth  to  include  only  frequencies 
ot  significant  myoelectric  energy;  and 

7.  Extracting  the  information  from  the  myoelectric  signal  in  a 
manner  that  depends  only  upon  the  detection  of  minute  bursts 
(rather  than  resolving  differences  in  amplitude  or  extracting  features 
ot  the  wave  form,  both  of  which  require  myoelectric  activity  of 
greater  amplitude  and  duration). 

Preliminary  tests  ot  the  myoelectric  equipment  have  resulted  in 
interference-free  performance  in  typical  laboratory  and  hospital 
environments. 

The  microprocessor  program,  partially  written  during  the  6- 
month  period  covered  by  this  report,  will  convert  the  coded  out- 
puts of  the  two  myoelectric  channels  into  motor  control  signals 
similar  to  those  developed  by  a joystick  assembly.  It  will  also 
initiate  the  electrical  stimulation  mentioned  above.  In  order  to  de- 
velop and  evaluate  the  system  without  risk  to  the  patients  who 
volunteer  to  be  experimental  subjects,  the  motor  control  outputs 
will  be  further  decoded  to  present  the  commands  ( forward , right, 
left,  reverse,  and  stop)  on  a visual  display,  ratheT  than  actually- 
activating  the  motors  of  a wheelchair. 

I hi  previously  open  consideration  as  whether  to  use  random 
logic  or  a microprocessor  was  resolved  in  favor  of  the  microproc- 
essor. This  facilitates  the  incorporation  of  such  safety  features  as 
the  insertion  of  a time  delay  if  the  operator  generates  a reverse 
command  when  the  chair  is  traveling  forward  or  a forward  com- 
mand when  the  chair  is  traveling  in  reverse,  and  the  use  of  a de- 
coding system  that  treats  muscle  spasms  as  stop  commands.  The 
decision  to  use  a microprocessor  also  facilitates  the  flexibility  to 
implement  suggestions  (for  applications  in  addition  to  that  of 
wheelchair  operation)  that  resulted  from  the  exposure  of  the  myo- 
electric equipment  to  a group  of  people  during  its  preliminary  test- 
ing. These  suggestions  include  using  the  system  as  an  interface 
means  for  microprocessor-based  TV  games,  and  as  a general  purpose 
environmental  control  unit.  Such  suggestions  could  be  implemented 
in  future  programs  by  changing  the  integrated  circuit  which  holds 
the  program  for  a specific  application  in  memory  and  then  connect- 
ing I he  peripheral  equipment  to  be  controlled. 
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Clinical  a ml  Physiological  Evaluation  of  Scat  Cushions  lor  the 
Paralyzed 

V'A  Hospital 

Castle  Point,  New  York  1251 1 
Bok  Y.  Lee.M.D. 

Veterans  Administration  Prosthetics  Center 
252  Seventh  Avenue,  New  York,  N.Y.  1 0001 
l.eon  Bennett,  M.A.F.. 

To  design  superior  cushions  for  the  paralyzed,  it  is  first  necessary 
to  determine  the  significance  ol  all  loads  in  the  seated  condition. 
Hie  impoitance  of  normal  load  (or  pressure)  in  this  connection  is 
clear  and  a number  ot  workers  have  detailed  the  settled  pressure 
magnitude  and  resulting  physiological  consequences.  Tangential 
load  (or  shear)  lias  been  relatively  neglected.  While  most  workers 
believe  that  shear  effects  are  highly  significant  to  the  traumatic 
process,  such  beliefs  appear  intuitively  based;  no  measures  ol  seated 
shear  magnitudes  or  ellects  are  known  to  these  investigators. 

To  assess  shear  load  significance,  a device  has  been  constructed 
(Fig.  lb)  which  simultaneous])'  measures  local  blood  flow  and  ex- 
ternally applied  pressure  and  shear.  With  sullieient  data,  it  should 
be  possible  to  separate  the  independent  effects  ot  pressure  and 
shear  in  reducing  local  blood  flow. 

Implicit  in  the  experimental  design  is  the  belief  that  a dearth 
of  local  blood  flow  is  a precursor  to  trauma  that  factors  tending 
to  reduce  local  blood  flow  are  "bad."  While  a dearth  ot  local  blood 
flow  is  certainly  associated  with  trauma,  such  a dearth  may  consti- 
tute only  a necessary  condition  and  not  a sullieient  condition. 
For  example,  actual  tissue  failure  owing  to  internal  stresses  may 
also  be  required  to  produce  trauma.  It  is  to  be  appreciated  that 
in  dealing  with  human  volunteer  subjects  we  are  not  in  a position 
to  create  such  failures.  Thus  we  employ  only  the  presence  or  ab- 
sence of  blood  (low  as  an  indicator  of  potential  trauma. 

The  blood-flow  monitoring  device  is  a conventional  optical 
plethysmograph,  roughly  2 cm  wide,  capable  ot  generating  and 
monitoring  red  light  reflected  from  the  skin.  Surrounding  this 
device  are  three  load  pickups,  of  which  two  measure  pressure  and 
one,  shear.  All  these  devices  are  mounted  flush  with  a heavy  -alum- 
inum plate  roughly  the  size  of  the  palm  of  the  hand. 

Pressure  and  shear  devices  employ  conventional  SR-  f strain  gages 
in  a standard  beam  anil  column  approach.  The  sensor  design  fea- 
tures small  displacements  (on  the  order  of  0.001  in);  large  dis- 
placements, despite  their  attractive  large  signals,  produce  compli- 
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l*'Ui|iKK  16.  Device  for  simultaneously 
iiKMsiirin^  local  blood  flow  and  externally 
applied  pressure  and  shear.  A.  ('.on tact 
surface  of  the  device  shows  optical 
plethvsmograph  at  center;  circular  objects 
to  right  arid  Irlt  are  load  pickups  lor 
measuring  pressure,  and  object  below  is 
load  pickup  for  measuring  shear.  (How  of 
circular  indentations  are  fasteuiugx.) 
It.  Measuring  device  in  use. 


ancc  difficulties  in  which  the  sensors  act  as  displacement 
dneevs  rather  than  load  eells. 

The  gathering  of  data  has  just  started;  we  have  no  comm 
the  results,  except  to  note  that  scatter  is  appreciable  and 
statistical  type  of  treatment  will  likely  he  necessary. 
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Seating  Systems  lor  Body  Support  mid  Prevention  of  Tissue 

Trauma 
Y'A  Hospital 
5801  Miranda  Avenue 
Palo  Alto,  California  ‘>4804 
Inder  Perk  ash,  M.l). 

Purpose 

This  project  is  an  attempt  to  reduce  the  incidence  of  decubitus 
ulcers  in  the  spinal  cord  injured  population. 

The  problem  is  a significant  one,  evidenced  by  estimates  that 
one  half  of  admissions  to  VA  Spinal  Cord  Injury  Services  are  due 
to  decubitus  ulcers,  and  the  cost  per  ulcer  is  $5,000-110,000. 

In  addition  to  prevention  of  tissue  trauma,  seating  systems  can 
offer  body  support  for  the  trunk,  head,  legs,  and  feet,  which  is 
especially  necessary  for  people  with  high  spinal  cord  lesions. 

Concept 

Custom-molded  special  seating  systems  are  usually  made  either 
by  shaping  blocks  of  foam  in  a seat  shell  to  fit  the  patient,  or  by 
taking  a negative  cast  of  the  patient  and  then  making  a molded 
seat  shell  over  a positive  model.  Both  of  these  methods  are  lengthy 
in  time  and  therefore  expensive  in  cost. 

In  search  of  methods  whereby  more  efficient  provision  of  seating 
systems  can  be  achieved,  the  concept  of  using  pre  fabricated  sec- 
tions seemed  a promising  one  and  was  selected  to  pursue  in  this 
project.  With  judicious  selection  of  shapes  and  si/.cs,  the  seat, 
trunk,  head  and  leg/foot  sections  can  be  put  together  clinically, 
on  the  spot,  by  using  these  off-the-shelf  components. 

If  a significant  percentage  of  patients  could  be  fitted  success- 
fully in  this  manner,  it  would  provide  a valuable  resource,  allowing 
clinicians  to  fit  patients  faster,  easier,  and  less  expensively.  Pre- 
sumably, this  would  also  allow  more  patients  to  have  seating  sys- 
tems suited  for  their  needs.  There  will  always  be  certain  patients 
who  will  need  special  attention  and  custom  molding  for  proper 
fitting:  the  goal  of  this  project  is  to  reach  the  majority  first. 

Plan 

The  most  essential  part  of  a seating  system  is  the  seal  itself, 
which  distributes  body  weight  of  the  individual  over  weight-bearing 
areas.  Therefore,  the  project  has  started  with  the  seat  section. 

The  plan  is,  first,  to  design,  fabricate  and  clinically  evaluate  the 
scat  section.  Then,  presuming  success  (with  redesign  if  necessary), 
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^mttris‘as‘^  ‘"'"1  •*  complete  sea,- 

Comments 

•tc1^  -rk  in  the 

Rehabilitation  Knttinecrim;  Center  u ChuT  ’■  .d,,"c  at  «he 

,ord*  direction  of  *Xr ?, 

s,a|ii'K  system  ami  evaluation  ,,i  ...  i.  •'taJuscof  the 

Hospital,  I’alo  Alto  under  ,1,  • -S  ,s  lu'mK  done  •"  tlu*  VA 

therapist  Dan  I Wright  ()  T r" ol  Hr.  Pcrkash  and  stall 
1978.  M 1 -,  K ,lu  Pr'*J«'«  "til  he  continued  in 

Stump  Stress  Analysis 

Veterans  Administration  Prosthetics  Center' 

Seventh  Avenue 
New  \ork.  New  York  10001 
l.eon  Bennett,  M.A.K. 

».  J o„ 

,r  s KrHU»\Jl  Moss  Kei^jniuatuln'lD^puoi1  Ph ilul.dphi a ' ih  '^0” ' 

Program  will  focus  on  the  feasibility  . f 1 I he  new 

thermoplastic  matei i ds  I hi-  ■ ‘,,,,,lnK  an  AK  socket  of 

Ilt.tt  material  in  proximity  to  the'llevild  \ US  b,Cn'  .,n  fa,,Ku,n«  of 
*««•  of  fatigue-resistant  m , • l"T  “ 'S  «he 

solve  the  difficult  prol.lem.  ' ' ' ‘,S  Pol> ProP> h'tie,  may  re- 


* As  of  April  19/8. 


Mr.  Bennett  ha  joined  the  staff  of  the  VAPt:. 
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SENSORY  AIDS 


Edited  h\ 

Howard  Freibcrger,  A.M. 
Electronics  Engineer 

Veterans  Administration  Prosthetics  Center*1 
252  Seventh  Avenue 
New  York.  N.Y.  10001 


Clinical  Application  Study  of  Reading  and  Mobility  Aids 

for  the  blind 

Eastern  blind  Rehabilitation  Center 

YA  Hospital 

West  Spring  Street 

West  Haven,  Connecticut  06516 

Donald  E.  Carrier,  W illiam  R.  De  I’Aune,  l’li.  I).,  and 

Patricia  I).  Cadbaw 

During  this  reporting  period  the  Eastern  blind  Rehabilitation 
Center  hosted  the  First  Annual  Working  Conference  of  Research 
Personnel  stationed  at  VA  blind  Rehabilitation  Centers.  In  addi- 
tion to  the  research  staffs  from  the  three  VA  blind  Centers,  inter- 
ested parties  troin  other  agencies  attended.  Information  about  cur- 
rent research  projects  was  shared,  and  the  meeting  adjourned  with 
a strong  commitment  lor  future  cooperative  studies  between  the 
centers. 

Ms.  Cadbaw  hosted  a seminar  on  Eow  Vision,  in  November  H>7  7 
1 he  2 -week  series  ot  lectures  and  observations  included  topics  such 
as  the  low-vision  examination,  geometric  optics,  physiological 
optics,  eccentric  fixation  training,  use  of  fresnel  prisms  for  clients 
with  reduced  lields,  perceptual  problems  in  the  visual  and  auditory 
systems,  and  psychological  problems  commonly  fncountered  with 
the  low-vision  patient.  I his  cllort  was  in  response  to  the  many  re- 
quests for  information  Ms.  Cadbaw  had  received  as  chairperson  of 
the  Eow  Vision  Interest  Croup  of  the  New  England  Chapter  of ' Un- 
American  Association  of  Workers  for  the  blind. 

A As  of  April  1978,  Mr.  Frciber^cr  has  joined  the  staff  of  the  VAPl'. 
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Dr.  Dc  I’Aune  presented  a series  ol  lee  lures  on  tlie  problems  of 
ilu-  visuallv  impaired  with  hearing  loss,  to  a meeting  eoneerned  with 
Orientation  and  Mobility  id  the  Visually  ilandieappcd  with 
Seeondary  Disabilities,  held  in  Alexandria,  Virginia,  in  Oetober 
1^77.  Other  "seeondary  disabilities"  covered  at  the  meeting  were 
psyebologie.il  problems,  diabetes,  orlhopedie  disabilities,  pereep- 
tual  disorders,  and  atlvaneed  age.  The  applicability  of  guide  dogs  lot- 
use  o I the  visually  handieapped  with  seeondary  disabilities  was  dis- 
cussed. A great  deal  ol  information  was  relayed  to  (lie  KltKC  staff 
upon  bis  return. 

A proposal  to  develop  visual  and  auditory  impairment  simula- 
tion materials  has  been  prepared.  The  purpose  is  to  develop  de- 
vices which  are  eapahle  of  simulating  various  basic  types  of  audi- 
tory and  visual  impairment,  and  to  generate  manuals  providing 
instruction  in  the  use  and  limitations  of  these  devices.  The  simu- 
lators are  intended  to  assist  in  the  education  of  the  professional 
and  lav  people  who  need  to  gain  a concept  ol  functional  impair- 
ment in  tin-  senses  ol  vision  and  hearing.  While  most  people  can 
grasp  the  basic  sensation  of  total  blindness  or  total  deafness  with 
little  dil liculty,  insight  into  the  much  more  commonly  encoun- 
tered problems  of  partial  vision  or  limited  hearing  is  more  diffi- 
cult to  gain.  I he  simulators  would  be  used  to  assist  in  explaining 
to  l.unily  members  the  nature  of  the  sensory  loss  specific  to  the 
veteran  undergoing  rehabilitation.  In  the  course  of  professional 
training  in  rehabilitation,  students  would  be  exposed  to  such 
devices  to  learn  more  about  different  combinations  of  sensory 
delects.  In  the  most  rigorous  application,  these  devices  would 
provide  researchers  with  the  insights  needed  to  design  relevant 
evaluatory  techniques  and  to  develop  and  deploy  more  helpful 
devices  to  meet  the  needs  of  individuals  with  sensory  needs  which 
are  at  present  ill-defined. 

The  project  involves  several  stages.  In  the  first,  a group  of  consul- 
tants from  various  areas  in  the  fields  of  vision  and  audition  will  be 
gathered,  to  deline  the  types  ol  sensory  delects  appropriate  for 
simulation.  In  the  course  of  this  meeting,  ways  of  implementing  the 
simulation  of  these  defects  will  be  derived  within  tight  fiscal  con- 
straints: it  is  felt  that  il  such  simulators  are  to  be  maximally  useful, 
they  should  be  priced  within  reach  of  educational  institutions  and 
rehabilitation  centers.  Several  prototypes  of  the  devices  will  be 
purchased  by  the  VA  and  evaluated  for  acceptability  by  a second 
meeting  of  the  consultants.  During  this  time,  manuals  will  be  writ- 
ten and  discussed.  1'he  prototypes  will  then  be  tested  for  validity 
ol  simulation  by  using  monocularly  or  monaurally  impaired  sub- 
jects whenever  possible.  Descriptions  of  impairments  by  impaired 
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subjects  will  also  In-  compared  to  the  descriptions  ol  unimpaired 
subjects  using  tlu-  simulators.  A comparison  ol  the  performance  ol 
indiv  iduals  with  specific  impairments  w ith  the  performance  ol  non 
impaired  subjects  with  the  simulators,  while  involved  with  specific 
mobility,  communicative,  and  avocalional  tasks,  will  be  made  on 
both  the  amounts  and  kinds  of  difficulties  encountered.  Ihc  effec- 
tiveness ol  the  simulators  as  an  educational  tool  would  then  be 
determined  by  distributing  the  devices  to  selected  private  agencies 
and  schools  tor  workers  in  the  field  ot  rehabilitation. 

Many  attempts  at  the  fabrication  of  simulation  systems  have 
been  made,  but  none  are  universally  accepted.  I he  “basement 
workshop"  fabrication  techniques,  and  the  narrow  focus  of  (he  de- 
vices, are  believed  to  be  the  major  reasons  for  this  failure.  It  is 
hoped  that  this  serious  attempt  will  avoid  those  problems  through 
the  use  ol  a diverse  group  ol  expert  consultants,  plus  proper  atten- 
tion to  engineering  and  design. 

Preliminary  experimentation,  with  blindfolded  mobility  instruc- 
tors attempting  to  negotiate  familiar  indoor  routes  while  wearing 
ear  plugs  and  a hearing  aid,  has  indicated  that  considerable  insight 
into  the  problems  ol  the  elderly  blind  is  possible.  I be  minimal  loss 
induced  by  the  ear  plugs  (approximately  20  dH  at  the  lower  fre- 
quencies gradually  rising  to  about  40  dB  at  8 kllz),  and  the  acoustic 
filtering  el  led  of  the  hearing  aid,  caused  considerable  disorientation 
and  anxiety  in  the  blindfolded  subjects.  Marked  postural  changes 
were  noted  as  well  as  difficulty  in  executing  right  angle  turns.  In- 
creases in  time  required  to  complete  various  sections  of  the  route 
were  as  much  as  live-fold  when  compared  to  simple  blindfold 
travel.  The  instructors  agreed  that  the  experience  was  very  con- 
structive. 

Work  has  resumed  on  the  analysis  and  sensory  training  of  acous- 
tic cues  present  in  ambient  sound  fields  (for  judgments  of  space), 
and  for  localization  of  sound  sources.  The  ambient  cues  have  been 
outlined  in  previous  issues  of  the  Bl’R,  but  the  present  work  on 
localization  is  still  largely  in  the  design  stage. 

Probe  microphones  (Knowles  Klcctronics)  are  placed  in  the  ears 
of  a “surrogate  listener."  The  outputs  from  these  microphones  are 
recorded  using  a stereophonic  tape  deck,  resulting  in  a binaural  re- 
cording. The  listener  is  seated  in  the  center  of  a 12-lt  circle  facing 
an  imaginary  12  o’clock.  The  experimenter  walks  around  the  circle, 
stops,  and  then  asks  "At  what  point  am  1?"  After  allowing  3 sec 
for  a response,  the  experimenter  gives  the  clock  face  position  from 
which  he  spoke.  When  the  tapes  of  such  activities  are  played  back 
through  stereo  headphones,  most  of  the  normally  present  binaural 
localization  cues  are  reproduced. 
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Bv  making  tapes  of  graded  difficulty  and  allowing  the  client  to 
proceed  at  his  own  rate,  it  is  felt  that  a programed  instructional 
package  m the  important  task  of  sound  localization  could  be  pro- 
sided  m a very  efficient  manner.  More  advanced  tapes,  with  differ- 
ent sound  elicits  reproduced  from  the  various  clock  positions,  are 
K ing  considered  lor  the  purpose  of  combining  sound  identification 
with  sound  localization. 

In  a more  complex  situation,  the  probe  microphones  are  being 
used  to  record  the  sounds  heard  by  a client  when  he  is  at  a traffic 
intersection.  1 he  microphones  pick  up  the  environmental  sounds  as 
well  as  the  comments  ol  the  mobility  instructor.  With  the  aid  of  the 
tapes  the  client  can  review  the  lesson  at  some  later  time  in  a less 
anxiety -provoking  situation.  It  is  hoped  that  this  technique  will 
facilitate  learning  in  some  of  the  more  anxious  clients. 


Clinical  Application  Study  of  Mobility  Aids 
for  the  Blind 

Central  Rehabilitation  Section  for  Visually  Impaired 
and  Blinded  Veterans 
VA  Hospital 
Hines,  Illinois  <>0141 

John  I).  Malamazian  and  Leicester  W.  Farmer 


As  this  reporting  period  began,  Mr.  Leicester  W.  Farmer  went  to 
Colorado  Springs,  Colorado,  for  a visit  at  Kaman  Sciences  Corn. 
1 he  purpose  ol  the  trip  was  to  witness  a field  demonstration  of  a 
local  high -resolution  navigation  system,  which  Kaman  has  been  de- 

ni  Tr  tHc  P‘'St  fcw  >xars‘  Mr-  banner  discussed  with 

•Mr.  D.  H.  Bryce  (special  projects  manager)  and  Mr.  Randolph  Wolf, 
(research  scientist)  the  possible  application  of  this  system  as  an  ori- 
entation and  navigation  aid  for  visually  impaired  persons. 

A converted  electric  cart  was  used  for  the  demonstration.  The 
navigation  system  was  built  into  the  cart,  enabling  it  to  be  con- 
trolled remotely.  I bis  system  consists  of  three  transmitters  operat- 
ing sequentially  and  establishing  a phase-difference  navigational 
grid.  A microcomputer  on  board  the  vehicle  converts  the  naviga- 
tional information  into  guidance  data  and  control  commands  for 
the  steering  servomechanism  of  the  vehicle.  This  cart  can  travel  with 
a high  degree  ol  accuracy  along  any  path  over  which  it  has  previ- 
ouslv  been. 


1 lie  Kaman  Sciences  Corp.  scientists  believe  that,  although  this 
positional  measurement  system  has  been  used  only  with  automotive 
vehicles,  it  is  primarily  only  a matter  of  application  to  interface  it 
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with  a person  so  as  to  provide  control  information  which  could 
enable  the  visually  impaired  person  to  walk  arhitrary  paths  within 
the  navigational  grid  network. 

A demonstration  eotdd  he  arranged  to  lest  the  feasibility  of  inter- 
lacing this  system  with  an  individual.  Kit  her  t blind  or  blindfolded 
sighted  person  could  be  used  as  a subject.  Kite  servo  control  signals 
that  come  out  of  the  converted  vehicle  would  be  intercepted  and 
converted  to  let t and  t ight  signals.  Details  ol  how  the  signals  would 
be  presented,  and  whether  they  would  he  audible  or  vibratory, 
would  have  to  be  worked  out  and  agreed  upon.  (Perhaps  the  fre- 
quency of  those  signals  would  depend  upon  the  amplitude  of  the 
servo  signals.)  The  vehicle  would  be  driven  manually  ahead  of  or 
behind  the  subject,  who  would  carry  the  receiving  antennae  on  his 
person. 

I he  demonstration  would  consist  of  recording  a path  or  paths, 
via  the  vehicle,  on  the  microcomputer  tape  system  and  on  memory. 
When  the  cart  finished  recording  the  route(s)  and  returned  to  the 
starting  point,  the  subject  would  start  from  that  point,  alter  having 
been  connected  into  the  loop,  and  would  walk  the  path(s)  that  had 
been  previously  recorded  by  the  electric  vehicle  within  the  naviga- 
tional grid  network.  The  subject  should  be  able  to  travel  the 
route(s)  as  accurately  as  did  the  vehicle. 

The  kaiuan  Sciences  Corp.  scientists  feel  that  the  technology  is 
already  available  for  miniaturizing  the  present  system  into  a pack- 
age approximating  the  size  of  an  ordinary  tape  recorder,  and  if 
Kl’ROMS  (Krasablc,  Programmable,  Read-Only  Memories)  are  em- 
ployed instead  of  cassettes,  then  the  package  could  be  considerably 
smaller,  although  more  expensive.  It  was  suggested  that  a feasibility 
demonstration  could  be  conducted  for  as  little  as  $2,000. 

Mr.  Farmer  was  inv  ited  to  visit  the  Dysfunctioning  Child  Center 
at  Michael  Reese  Hospital  in  Chicago,  by  Psychologist  Margaret 
Crecdon,  to  discuss  with  her  the  feasibility  of  using  electronic  travel 
aids  in  work  with  autistic  children.  Mrs.  Crecdon  has  done  extensive 
work  with  autistic  children  and  is  one  of  the  first  persons  to  use 
simultaneous  communication,  which  she  describes  as  the  combi- 
nation of  manually  signed  Knglish  and  speech.  It  is  an  approach  to 
working  with  nonverbal  individuals  who  may  or  may  not  hear, 
who  may  not  be  able  to  produce  speech  or  are  developmentally 
delayed  in  speech  and  language,  and  who  may  have  autistic  type 
behaviors. 

Since  autistic  children  may  be  unsociable,  self-abusive,  spend 
considerable  time  in  stimulating  themselves,  often  ignore  and  do 
not  explore  their  environment,  and  pay  little  attention  to  persons 
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around  them,  Mrs.  Creedon  wondered  if  the  use  of  electronic  travel 
aids  might  he  employed  to  help  make  the  ehildren  more  aware  of 
objects  and  walls  in  their  paths  and  thereby  afford  them  some  pro- 
tection, to  reduce  self  stimulation,  to  get  their  attention,  to  in- 
crease their  spatial  awareness,  to  enhance  their  sociability,  and  to 
afford  them  some  means  of  communication  with  their  environment, 
however  artificial  it  might  be.  Mr.  Farmer  and  Mrs.  Creedon  used 
the  Lindsay  Russell  Pathsoundcr  anti  worked  with  the  ehildren 
on  two  occasions.  Five  children  were  evaluated  with  the  device, 
and  the  audible  and  vibratory  signals  did  succeed  in  getting  their 
attention  for  varying  periods  of  time.  They  all  learned  that  the 
device  did  signal  the  presence  of  objects  and/or  their  classmates 
in  their  travel  paths  or  when  they  engaged  in  scanning.  1'he  results 
of  the  children’s  experiences  were,  of  course,  inconclusive  but  the 
children's  responses  did  suggest  that  this  may  be  an  area  in  which 
an  extensive  study  might  be  conducted  to  determine  the  applica- 
bility, it  any,  of  electronic  travel  aids  in  training  programs  with 
autistic  children  or  those  with  autistic  type  behaviors. 

In  October  1977,  Drs.  Andre  (1.  Vacroux  (dean’s  representative) 
and  Kenneth  W.  Haag  (assistant  chairman  of  the  F.lectrical  Kngi- 
neering  Department)  of  Illinois  Institute  of  Technology,  Chicago, 
111.,  visited  the  Blind  Rehabilitation  Center  at  Hines  to  meet  the 
chief,  assistant  chief,  and  research  personnel  and  to  discuss  the 
establishment  of  a Rehabilitative  Engineering  Research  and  Devel- 
opment Center  at  Hines  Hospital,  and  an  affiliation  with  Illinois 
Institute  of  Technology.  Dr.  Haag  returned  to  the  Blind  Center  in 
November  and  December,  1977,  to  draft  plans  with  Mr.  Farmer 
to  design  a binaural  wireless  telemetry  system,  with  two-way 
communication  potential,  for  use  with  the  Sonicguidc. 

Training  with  the  electronic  travel  aids  continues  to  be  of  pri- 
mary interest  at  Hines,  and  although  there  was  interruption  of  train- 
ing procedures  with  both  the  Sonicguidc  (all  Sonicguidcs  were  re- 
called during  the  first  quarter  to  correct  a power  source  problem) 
and  the  Laser  Cane  (the  building  in  Bala  Cynwyd  in  which  the  Laser 
Canes  were  manufactured  was  destroyed  by  fire  in  May,  1977), 
some  five  veterans  completed  training  with  the  Laser  Cane,  and  the 
Sonicguide.  Training  with  the  Laser  Cane  has  been  suspended  at 
Hines  until  they  are  back  in  production. 


' '1 

I 


S 


- ..  ■!) 


169 


Bulletin  of  Prosthetic*  Reseerch—  Spring  1978 


Clinical  Trials  of  Reading  Machines  for  the  Blind 
Central  Rehabilitation  Section  for  Visually  Impaired 
and  Blinded  Veterans 
VA  Hospital,  Hines,  Illinois  (>0141 
John  1).  Malamazian  and  Harvey  Laucr 

The  work  of  this  program  is  the  clinical  evaluation  of  electronic 
reading  and  other  communication  aids  for  the  blind. 

The  major  activity  at  present  concerns  the  Kurzweil  Reading 
Machine  (KRM).  The  first  of  its  kind,  the  machine  automatically 
scans  print  using  a minicomputer,  a keyboard  control  and  synthetic- 
speech  output.  The  VA’s  first  KRM  was  delivered  here  on  June  1. 
1977,  at  a cost  of  50,000  dollars. 

The  machine  is  undergoing  extensive  testing  as  new  computer 
software  is  provided.  The  researchers  are  regularly  communicating 
with  the  manufacturer,  Kurzweil  Computer  Products.  Inc.,  regard- 
ing improvements.  It  was  found  that  the  KRM  can  read  a variety  ot 
high-quality  print  styles  with  97.2  percent  character-recognition 
accuracy,  adequate  for  many  reading  tasks.  It  is  fairly  easy  to  oper- 
ate when  the  page  format  is  simple,  but  requires  skill  when  the 
format  is  complex  and  includes  columns  or  illustrations.  Alter 
several  hours  of  experience,  the  output  is  intelligible  to  most  peo- 
ple; some  can  immediately  understand  it.  In  its  present  form,  the 
machine  can  handle  carbon-ribbon  typing,  high-quality  books  and 
magazines,  and  well-duplicated  print.  It  cannot  usually  read  cloth- 
ribbon  typing,  newspapers,  low-quality  paperbacks,  and  poorly 
duplicated  copies.  It  does  very  well  with  most  common  type  styles 
less  well  with  ornate  and  italicized  print. 

Users  of  direct-translation  reading  aids  (Optacon.  Stereotoner) 
and  Low-Vision  Aids  often  use  them  to  complement  their  use  of 
the  KRM  for  some  tasks.  It  seems  advisable  to  integrate  a direct- 
translation  output  in  a future  model. 

Manuals  and  familiarization  recordings  are  being  developed, 
and  tested  for  efficacy  as  instructional  aids  in  the  use  of  the  KRM. 
Mr.  Laucr  is  also  writing  a short  manual  on  the  use  of  ancillary 
equipment  (headsets,  recorders,  typewriters,  etc.)  with  the  KRM. 
Mr.  Mowinski  produced  some  training  materials  which  included 
raised-line  drawings  ot  seril  and  italic  letters,  lltese  are  helpful 
to  learners  of  all  the  reading  aids. 

Messrs.  Farmer,  Mowinski,  and  Laucr  made  a 40-minutc  demon- 
stration video  tape  of  the  KRM  and  sent  copies  to  the  other  two 
Blind  Centers.  This  is  to  assist  them  in  writing  research  proposals 
and  planning  for  work  with  the  Kurzweil  Machines  they  are  to 
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obtain  in  1 5)78. 

All  tluvc  researchers  also  participated  in  the  First  Annual  Con- 
lerencc  ol  Research  Personnel  at  the  Blind  Rehabilitation  Centers, 
held  in  West  Haven,  Connecticut,  November  8-4,  15)77.  This  con- 
ference provider!  a forum  lor  increasing  our  awareness  of  the  ef- 
forts ol  our  colleagues  at  the  Blind  Rehabilitation  Centers,  and 
our  cooperation  with  them. 

During  the  first  week  in  July  15)77,  Mr.  l.auer  attended  the 
annual  convention  of  the  National  Federation  of  the  Blind  in  New 
Orleans.  He  served  on  the  Research  and  F.valuation  Committee  of 
the  organization,  demonstrated  the  Kur/.weil  Machine,  and  con- 
terred  with  employees  of  the  manufacturer  and  with  consumer  and 
agency  representatives. 

1 he  week  ol  October  3-7,  15)77,  Mr.  Latter  visited  the  Iowa  Com- 
mission lor  the  Blind.  He  conferred  with  evaluators  of  the  KRM  and 
worked  with  their  maehine  for  comparison  purposes.  He  visited  the 
agency  and  conferred  with  its  staff  regarding  services  and  research 
objectives. 


Clinical  Application  Study  of  Reading  and  Mobility  Aids 
for  the  Blind 

Western  Blind  Rehabilitation  Center 

VA  Hospital,  3801  Miranda  Avenue 

Palo  Alto.  California  5)4304 

J.  Kenneth  Wiley,  Gregory  L.  Goodrich,  Ph.  1)., 

Richard  R.  Bennett,  and  11.  Stanley  Paul 

In  November  15)77  the  staff  of  the  WBRC  moved  from  Building 
205  at  the  Menlo  Park  Division  into  Building  48  at  the  Palo  Alto 
Division,  YAH,  Palo  Alto.  Building  48  was  specifically  designed  to 
house  the  WBRC  and  provides  for  an  expanded  patient  population. 
1 he  increase  is  front  18  to  30  beds  with  a proportionate  increase 
in  stall.  1 he  building  also  provides  expanded  and  improved  facili- 
ties lor  research,  which  will  result  in  a broader  range  of  research 
being  conducted  at  the  WBRC.  Several  new  research  projects  are 
being  planned.  One  ol  these,  a cooperative  study  with  the  School 
ol  Optometry,  University  of  California,  Berkeley,  will  examine 
contrast  sensitivity  in  relation  to  mobility  by  low  vision  students. 

Mobility  Aids  and  Training 

I he  mobility  followup  has  continued,  with  an  additional  29 
veterans  visited  in  their  home  environments  during  this  reporting 
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period.  These  bring  the  total  number  of  veterans  visited  to  51. 
1 he  followup,  when  completed,  will  include  about  100  veterans, 
including  25  to  30  veterans  trained  in  the  use  of  electronic  travel 
aids  at  the  YVBRC. 

1 hree  veterans  were  given  electronic  travel  aid  training  between 
July  1 and  December  31,  1977.  One  veteran  was  trained  with  the 
Pathsounder  and  one  with  the  Mowat  Sensor,  and  both  were  sub- 
sequently issued  these  aids.  The  remaining  ETA  candidate  began 
training  in  December,  1977  with  the  Laser  Cane  and  iiis  training 
is  still  in  progress. 

Reading  Aids  and  Training 

I he  preliminary  evaluation  of  the  intelligibility  of  synthetic- 
speech  reading  machines  was  completed  in  late  1977.  The  evalu- 
ation utilized  tape  recorded  material  provided  by  Mauch  Labora- 
tories using  the  Cognodictor  programing  and  a Votrax  voice  output. 

I flirty  volunteers  from  the  WBRC  patient  population  participated 
in  the  study.  Among  the  variables  examined  were  reading  speed, 
pitch,  word  length,  and  comprehension.  The  subject’s  age,  educa- 
tion, Wechsler  Adult  Intelligence  Scale  (WA1S)  Verbal  IQ,  and 
WAIS  verbal  subscale  scores  were  also  correlated  with  subject’s 
performance.  Rate  of  presentation  (reading  speed)  and  pitch  were 
not  significant  variables.  Subjects  did  exhibit  significant  per- 
formance improvements  after  a brief  (30  to  45  min)  exposure  to 
synthetic-speech. 

1 he  correlation  of  the  WAIS  data  with  performance  variables 
(word  recognition  and  comprehension)  suggests  that  such  readily 
available  and  easily  administered  tests  as  the  WAIS  may  be  useful 
in  selecting  candidates  for  training  with  synthetic-speech  reading 
machines  and/or  in  defining  remedial  training  areas  to  improve  a 
subject’s  performance.  These  results  are  preliminary,  and  further 
work  is  planned  to  validate  and  expand  upon  them.  The  results 
of  the  preliminary  evaluation  have  been  reported  to  the  VA  Pros- 
thetics Center. 

Also  during  the  reporting  period,  one  service-connected  veteran 
received  Optacon  training.  The  veteran  plans  to  utilize  the  Optacon 
to  assist  him  in  some  print  reading  tasks  associated  with  his  small 
business. 

Papers  and  Publications,  1977 

Duval,  S.:  Detection  Characteristics  of  the  Mowat  Sensor.  LonR  Cane  News  1 OC1) -3 1 -44 
1977. 

Goodrich,  ti.  L„  E.  B.  Mehr,  R.  I).  Quillman,  H.  K.  Shaw,  and,].  K.  Wiley:  A Preliminary 
Report  on  Practice  Effects  with  Low  Vision  Aids.  Amer.  J.  of  Optom.  and  Physiol. 
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Optics,  54(5):312-18,  1977. 


Goodrich,  C m.  L.  and  R.  1).  Quillman:  1 raining  Eccentric  Viewing.  J.  Vis.  Impair,  and 
Blindness,  71(9):377-81 , 1977. 

Goodrich,  G.  L.  and  R.  1).  Quillman:  CCTVs:  Choices  and  Considerations. J . Vis.  Impair, 
and  Blindness  (in  press). 

Goodrich,  G.  L.  and  R.  1).  Quillman:  Eccentric  Viewing.  Paper  read  at  the  American 
Association  of  Workers  tor  the  Blind,  Biennial  Conference,  Portland,  Ore.,  July  1977. 
Goodrich,  G.  1..,  R.  I).  Quillman,  II.  K.  Shaw,  and  G.  C.  Webb:  Symposium:  Sensory  and 
Perceptual  Training  in  a Low  Vision  (Blind)  Program.  Presented  at  the  85th  Annual 
Convention,  American  Ps>chological  Association,  San  Francisco,  Calif.,  August  1977. 
Quillman,  R.  I).  and  G.  L.  Goodrich:  Eccentric  Viewing:  A Case  Report.  Long  Cane  News, 
10(2):9-14,  1977. 

Quillman,  R.  1).:  Utilization  of  Telescopic  Lenses  in  Low  Vision  Mobility.  Long  Cane 
News,  1 0(  2):3-8,  1977. 

Quillman,  R.  1).:  Eccentric  Viewing.  Paper  read  at  the  American  Academy  of  Optometry 
Annual  Convention,  Section  on  Low  Vision,  Birmingham,  Alabama,  December  1977. 
Quillman,  R.  I).;  Utilization  of  Telescopic  Lenses  in  Low  Vision  Mobility.  Paper  read  at 
the  American  Association  of  Workers  for  the  Blind  Biennial  Convention,  Portland, 
Oregon,  July  1977. 

Wiley,  J.  K.,  G.  L.  Goodrich,  R.  R.  Bennett,  and  11.  D.  Paul:  Clinical  Application  Study 
of  Reading  and  Mobility  Aids  for  the  Blind.  Bull.  Prosth.  Res.,  BPR  10-28,  Fall  1977, 
232-235. 

Research  on  Audible  Outputs  of  Reading  Machines  for  the  Blind 
Haskins  Laboratories,  Inc. 

270  Crown  Street 
New  Haven,  Connecticut  06510 

Franklin  S.  Cooper,  Ph.  I).,  Andrea  Levitt,  Ignatius  G.  Mattingly, 

Ph.  D.,  Patrick  W.  Nye,  Ph.  1).,  and  Linda  Shockey,  Ph.  I). 

I he  objective  of  the  research  reported  below  is  the  improvement 
of  the  intelligibility  and  naturalness  of  speech  produced  by  an  auto- 
matic synthcsis-by-rule  system. 

Synthesis  Playback 

Hardware  and  software  arrangements  for  pulse-codcd  modulation 
(PCM)  input  and  output  to  the  PI)P  11/45  computer  have  been 
completed.  A computer  terminal  has  been  set  up  in  a quiet  booth, 
with  two  PCM  output  channels,  a Tektronix  4010  keyboard  and 
storage  scope  display  unit,  hard  copy  unit,  headphones  and  tape 
recorder. 

Software  Synthesizer 

The  software  synthesizer  mentioned  in  BPR  10-28  has  been 
further  elaborated.  The  synthesizer  consists  of  a noise  generator, 
a glottal  waveform  generator,  a vowel  branch  with  five  formants, 
and  nasal  and  consonant  branches  each  having  one  formant  and 
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oik-  antilormani,  ami  a radiation  and  prccmphasis  filter. 

I wo  alternative  modes  of  glottal  excitation  are  available.  The 
first  mode  follows  Fischer  anti  Kngcbrctscn  (1)  in  using  Rosen- 
berg’s (2)  polvnomial  approximation  ol  a glottal  vvavelorm.  The 
proportions  of  the  glottal  cycle  for  which  the  glottal  opening  is 
increasing  and  decreasing  are  variables.  In  the  other  mode,  the 
waveform  is  explicitly  represented  l>\  72  ordinate  values,  follow- 
ing Holmes  (;i).  Roth  approaches  give  reasonable  voice  quality. 

When  glottal  excitation  and  fricative  excitation  are  both  present, 
as  in  voiced  fricatives,  the  input  from  the  noise  generator  to  the 
fricative  branch  is  modulated  by  the  glottal  waveform,  following 
Kabincr  (4). 

lhe  synthesizer  is  programed  as  three  FORTRAN  subroutines: 
SYNSKT,  SYNTH,  and  SYNKNl).  SYXSF.T  initializes  a number 
of  synthesizer  variables,  SYN1I1  computes  the  PCM  values  corre- 
sponding to  a set  of  synthesizer  parameter  values  representing  five 
msec  of  speech,  and  SYNKNl)  tidies  up  after  PCM  values  for  an 
entire  utterance  have  been  computed. 

All  the  important  variables  (besides  the  dynamically  varying 
parameter  values)  that  determine  the  synthesizer  output  the  glottal 
opening  variables,  the  amount  of  glottal  modulation  of  fricative 
input,  the  handwidths  and  frequencies  of  formants  F4  and  Fa, 
various  gain  constants,  the  sampling  rate  are  specified  in  a block 
data  file,  SYNDAT,  and  etui  be  changed  by  the  user.  Diagnostic 
options  enable  synthesis  with  a variable  number  of  vowel  formants 
and  printout  of  intermediate  stages  in  the  calculation  of  a PCM 
value. 


r 


Direct  Synthesis 

SYNSKT,  SYNTH,  and  SYNKNl)  are  used  both  by  SY1.SYN, 
the  synthesis-by-rule  program,  and  by  a new  program,  SYA,  which 
enables  synthesis  from  a parameter-value  array  determined  directly 
by  the  user  rather  than  by  rule.  A set  of  commands,  each  of  which 
invokes  an  appropriate  subroutine,  allows  the  user  to  create  a 
parameter-value  array,  display  it  either  numerically  or  as  a stylized 
spectrogram,  edit  it,  file  it  and  retrieve  it,  compute  the  correspond- 
ing PCM  values,  and  produce  an  audio  playout.  To  avoid  undue 
proliferation  of  PCM  files,  the  PCM  values  are  written  over  previ- 
ously computed  values  in  a fixed  workspace  on  the  storage  disk; 
a command  enables  transfer  of  values  to  a permanent  PCM  file  if 
desired. 
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Research  Synthesis  by  Rule 

In  SYl.SYN,  (lie  sy  nthcsis-by-rulc  program,  the  rules  arc  .n  pres- 
cii t stated  in  a FORTRAN  subroutine,  RULF.S.  Before  computa- 
tion of  the  parameter  values  for  a syllable,  RUI.F.S  tests  each  of  a 
series  ol  rules  to  determine  whether  the  phonetic  description  in  the 
rule  matches  the  phonetic  description  ol  the  syllabic.  If  a rule  ap- 
plies, values  arc  assigned  to  one  or  more  arguments  of  the  parame- 
ter-value computation  routine.  T his  approach  makes  for  reasonably 
last  computation,  but  has  two  serious  disadvantages.  Certain  types 
of  rule  (for  example,  those  that  assign  values  to  one  or  more  argu- 
ments) are  cumbersome  to  stale  in  FORTRAN.  And  every  revi- 
sion of  the  rules  requires  not  only  editing  and  recompiling  RUI.KS, 
but  also  rebuilding  the  SYl.SYN  task  a time-i  onsumiiig  process. 
As  an  alternative,  a rule-writing  language  has  been  devised  that  is 
convenient  for  the  user,  vet  relatively  simple  in  syntax.  A compiler 
program  will  convert  a statement  of  the  rules  in  this  language  into 
object  arrays  that  a SYl.SYN  subroutine  can  use  to  assign  values  to 
arguments  as  rapidly  as  possible.  Thus  revision  of  the  rules  will 
involve  only  editing,  compilation,  and  reading  in  the  new  object 
arrays  to  SYl.SYN.  The  conventions  of  the  rule-writing  language 
have  been  worked  out  and  the  assignment  subroutine,  RUI.RUN, 
has  been  written  and  debugged;  it  remains  to  program  the  com- 
piler. 

Rule  Development 

Rule  specifications  for  |w|  and  |y|  in  initial  and  intervocalic 
position  have  been  prepared  and  tested.  The  phonetic  tads  here 
are  well  known;  the  chief  difficulty  has  been  to  get  rid  ol  a tran- 
sient noise  that  appeared  in  the  acoustic  record  in  utterances  such 
as  [aya|  as  K2  and  K3  attained  their  maximum  values.  This  tran- 
sient resulted  from  the  very  rapid  formant  movement  that  the  syn- 
thesis algorithm  causes  the  synthesizer  to  produce  near  the  end  ol  a 
transition  between  two  widely  differing  frequency  values  when  the 
time-constant  is  fairly  large.  Choosing  a considerably  smaller  value 
for  this  constant  and  a orrcspondingly  greater  value  for  the  con- 
stant that  controls  transition  duration,  seems  to  take  care  of  the 
problem  without  loss  of  the  required  phonetic  value. 

Temporal  Pattern*  of  Syllables 

\ I it  1 1 lit  i experiment  on  the  temporal  patterns  of  syllables  has 
mini  .mi.  paralleling  those  described  in  HTR  10-28.  In  this 
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experiment  cadi  of  the  ilis\  llablcs 

lev  lo*  ),  ( poy  !olJ.  (ploy  fol  ] ■ ( c v t_  1 o 1 ] , 

(povtt  o'j,  (p]eytforJ , (eynt!v*r|.  (pevi: 1 1 or  J , 
[ployntfo1],  [oydfo*  |,  [ poyd fol I » ( p I e v>l  I o'  j , 

[l-vikI  t"or  1 , (peyndfo1  ],  [ p lov.ult  ■<’  ] 

was  spoken  in  the  frame:  “She  was  seen  on  Street  by  her 

mother"  l!0  times  hv  one  of  the  same  speakers  used  lor  the  earlier 
experiments,  lire  initial  syllables  of  these  disyllables  were  chosen 
to  allow  comparison  w ith  the  monosy  llablcs  used  in  the  earlier 
experiments,  l'he  second  syllable  of  each  disyllabic  was  always 

l-fori. 

I'lte  measurements  revealetl  patterns  that  were,  in  general,  similar 
to  those  for  the  corresponding  monosyllabic  utterances.  Thus 
initial  |l|  lengthened  the  first  syllable  very  little;  initial  |p|  and 
filial  |l|  lengthened  it  by  a moderate  amount;  medial  |n)  and 
medial  |d|  lengthened  it  considerably;  and  final  |nd|  lengthened 
it  a very  great  deal.  Initial  [p|  shortened  the  second  syllable  slight- 
ly ; initial  |l|  had  no  effect;  medial  |t|  and  |d|  lengthened  the  sec- 
ond syllable  somewhat;  medial  (n|,  and  especially  medial  |nd|, 
produced  a decided  lengthening  of  the  second  syllable. 

Segmental  Cues 

I he  study  of  consonant  transitions  before  low  unrounded 
vowels,  previously  discussed  in  lll’R  10-28,  has  been  completed. 

l'he  purpose  of  these  experiments  has  been  to  study,  for  a cpiitc 
: arrow  range  of  vowels,  the  interaction  ol  the  steady -state  fre- 
quency of  I lf  and  the  onset  fretpieucies  for  t he-  12  and  I'll  transi- 
tions in  the  perception  of  the  / b-d/  and  /d-g/  boundaries.  As  re- 
potted in  lll’R  10-28,  four  synthclii  vowels  200  msec  in  length, 
with  steady -slate  values  ol  810  11/  lot  II,  1200  II/,  1400  11/, 
1080  II/.,  and  2100  11/  for  12.  ami  2700  11/  for  I'll,  (mined  the 
basis  for  the  experimental  stimuli.  Without  consonantal  transi- 
tions, these  vowels  are  heard  as  variants  ol  |a|.  l our  stop-vowel 
continua  were  created  by  imposing  a series  of  initial  transitions 
40  msec  in  length  on  each  vowel,  for  fl , the  frecpiency  at  the 
onset  of  tin-  transition  was  always  200  II/;  for  F2,  the  onset  fre- 
quency was  varied  from  8.r>0  to  2(i.r>0  in  10  steps,  and  for  f .4 , the 
onset  I'retpiency  was  2700  11/.,  etptal  lo  the  steady -state  frecpiency. 
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1 hcsc  stimuli  were  used  iu  .1  pilot  experiment  in  wliieli  9 subjects 
were  asked  to  label  the  stimuli  as  beginning  w.itlt  /!»/,  /d/  or  /g/.  F01 
the  1*2  steady  state  lre(|ueneies  given  above,  the  /b-d/  buundarv 
estimates  obtained  wen-  1475  11/,  1400  11/.,  KiOO  II/,  and  1(100  11/., 
respectively;  the  /si  -jt*/  boundary  estimates  were  2 I 00  1 1/.,  2200  1 1/, 

2 1 00  II/,  and  2175  II/,  respectively. 

Alter  some  additional  inlormal  testing,  the  / b-d/  estimates  were 
revised  to  1250  II/,  1550  II/,  1050  11/,  and  1050  II/,  rcspcciivclv  . 
It  seemed  desirable  to  make  more  refined  estimates  of  the  /,!-«/ 
boundaries,  so  a further  pilot  experiment  was  condtu  ted  with  six 
subjects,  iu  which  the  l'2  onset  was  varied  iu  nine  100  11/  sli  ps 
centering  on  the  /d-g/  boundary  estimates  obtained  in  the  first 
experiment.  The  resulting  boundary  estimates  corresponding  to 
the  stated  1*2  steady -state  frequencies  were  2500  II/,  2200  II/, 
2150  11/  and  2200  1 1/.,  respectively . 

for  each  vowel,  two  new  labeling  tests  were  then  prepared 
in  which  the  1‘2  onset  frequency  was  varied  in  live  100  11/  steps 
centering  on  the  boundary  estimate  for  / b-d/  or  /d-g/,  while  I' 5 
w;ls  varied  in  seven  200  II/.  steps  centering  on  2700  II/.  Ihete 
were  thus  eight  tests,  each  of  which  included  55  different  stimuli. 
F.acli  stimulus  in  a test  occurred  eight  times.  1'hcsc  tests  were 
given  to  1 2 subjects. 

rite  responses  for  /b-d/  shows  a systematic  relationship  among 
the  three  variables.  In  general,  lower  onset  frequencies  (i.e.,  mote 
negative  transitions)  for  cither  F2  or  f 5 yield  /!»/  responses  rathci 
than  /cl/  responses,  lhe  boundary  value  for  either  of  the  two  onsets 
increases  as  the  boundary  value  for  the  other  decreases,  so  that  the 
more  negative  the  F5  transition  is,  the  less  negative  the  F2  Iransi 
lion  need  be  to  yield  a /I)/  response.  Increasing  the  steady  state 
frequency  ol  F2  displaces  the  boundary  toward  highei  F2  and  15 
onset  frequencies. 

lhe  /d-g / data  are  somewhat  more  complex.  In  general,  highei 
onset  frequencies  for  F2  and  lower  onset  frequencies  for  F5  yield 
/g/  responses  rather  than  /cl/  responses.  The  boundary  values  lot 
the  two  onsets  increase  together,  so  that  the  more  negative  the  F5 
transition  is,  the  less  positive  the  F2  transition  need  be  to  produce 
a /g/  response.  With  an  increase  iu  the  F2  steady -stale  frequenev  , 
the  boundary  value  is  at  first  displaced  toward  lower  F2  onset  fre- 
quencies and  higher  F5  onset  frequencies.  But  the  displacement  is 
not  entirely  consistent,  and  in  the  case  of  the  higher  F2  steady  state 
(2100  11/)  the  direction  ol  displacement  is  reversed:  the  F2  bound- 
ary values  are  higher  and  the  F5  boundary  values  are  lower  than 
for  the  lowest  F2  steady  state  (1080  II/.).  This  reversal  reflects  the 
sharp  difference  in  the  F2  and  F5  loci  for  velars  before  front  versus 


back  vowels. 


These  results  are  quite  consistent  with  the  results  of  earlier 
studies  ol  the  F2  and  F3  transitions  as  cues  to  place  (Liberman, 
Delattre,  Cooper  and  Cersttnan  (5),  Delattre,  Liberman  and 
Cooper  (ti),  Harris  and  Hoffman  (7),  but  they  explore  in  somewhat 
more  detail  the  part  ol  the  vowel  space  associated  with  the  velar 
locus  difference. 
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The  work,  during  this  report’s  6-month  period  from  July  1 to 
December  31,  1977,  has  centered  on  various  aspects  of  introducing 
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systems  engineering,  and  digital,  methods  and  approaches  to  audi- 
ology and  to  audiology  laboratories. 

Specifically,  we  have  completed  or  almost  completed  some  hard- 
ware designed  earlier,  such  as  an  overshoot  distortion  generator 
with  independent  controls  on  overshoot  rate,  frequency,  and  gain. 
A harmonic  distortion  generator  with  independent  controls  on  dis- 
tortion level  and  on  frequency  is  nearing  completion.  Both  of  these 
are  to  undergo  clinical  tests. 

Work  on  utilizing  our  design  of  an  independently  controlled 
staircase  array  ol  bandpass  digital  iilters  has  also  continued.  Here 
we  have  found  that,  with  the  present  speed  of  microprocessors,  one 
cannot  yet  obtain  an  adjustable  microprocessor  array  for  processing 
of  speech  above  1000  Hz.  However,  with  the  rapid  progress  in  the 
microprocessor  industry,  this  situation  should  be  overcome  in  the 
near  future.  We  have  tested  our  design  successfully  up  to  1000  Hz, 
using  the  Intel  8 Mod  80  microprocessor  system  at  our  laboratory 
at  Colorado  State  University. 

V\e  have  also  started  work  on  designing  a laboratory -scale  test 
unit  based  on  the  independently  adjustable  array  of  digital  bandpass 
Iilters  discussed  above.  Such  a test  device  is  to  serve  the  audiologist 
in  accurately  measuring  the  hearing  spectrum  of  a patient.  The  sys- 
tem is  to  be  fully  computer-controlled.  Since  it  is  not  to  be  a pa- 
tient-carried device,  some  of  the  speed  problems  of  the  previous 
design  can  be  overcome  via  a combination  of  analog  and  digital 
elements. 


The  Development  of  Improved  Techniques  for  the  Analysis  of 
Hearing-Aid  Performance 
BioCoininunications  Laboratory 
University  of  Maryland 
College  Park,  Maryland  20742 
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Washington,  D.C.  20422 

G.  Donald  Causey,  Ph.  D.,  Jerry  L.  Punch,  Ph.  D.,  Howard  C. 
Swcitzer,  Ph.  1).,  Karleen  Likins,  Ph.  D.,  and  Lucille  Beck 

Variability  Among  Samples  of  Hearing-Aid  Models 

Gain  variability  as  a function  of  frequency,  among  samples  of 
hearing-aid  models,  was  examined  for  a group  of  hearing  aids  pur- 
chased by  the  Veterans  Administration  for  distribution  to  audi- 
ology clinics  nationwide.  A total  of  27  models  (25  samples  each) 
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from  different  power  categories  (mild  to  strong)  and  type  (body, 
behind-the-ear,  and  eyeglass)  were  tested  on  a Brucl  k Kjacr 
hearing-aid-test  system  using  the  2 em  coupler  with  all  hearing- 

aid  volume  controls  set  to  full-on.  - .. 

Measures  of  central  tendency  and  dispersion,  including  means, 
standard  deviations,  and  performance  ranges  for  gain  as  a function 

of  frequency  were  obtained.  . 

Results  indicated  that,  although  the  degree  of  variability  was 
generally  acceptable,  large  individual  differences  do  exist  among 
samples' of  a model.  Variability  in  gain  was  found  to  be  greater  at 
the  low  and  high  ends  of  the  frequency  range.  Some  manufacturers 
tended  to  have  good  product  uniformity  overall,  while  others  ex- 
hibited varying  degrees  of  product  uniformity  for  then  models. 
Hearing  aids  of  a particular  power  category  or  type  did  not  show 
greater  amounts  ol  variability. 

' Since  one  cannot  predict  the  consistency  of  performance  among 
samples  of  a model,  it  is  strongly  suggested  that  patients  receive  the 
hearing  aid  with  which  they  arc  tested  during  the  hearing-aid  evalu- 
ation. Patients  evaluated  with  a clinic's  stock  hearing  aid  shou  t 
return  to  the  clinic  for  followup  evaluation  with  their  own  aids. 

Hearing-Aid  Quality  Judgments 

One  of  the  major  aims  has  been  to  investigate  the  sensitivity  of 
quality  judgments  in  normal  and  impaired  ears.  In  general,  the  pur- 
pose was  to  determine  the  extent  to  which  such  judgments  might 
be  useful  as  supplementary  or  exclusive  information  in  the  selec- 
tion of  a hearing  aid  for  an  individual  patient,  lo  this  end,  we 
postulated  four  experimental  questions:  (i)  is  the  intrasubject  test- 
retest  reliability  of  quality  judgments  ol  hearing-aid-processed 
stimuli  sufficiently  high  to  demonstrate  acceptability  lor  use  in 
clinical  situations?  (ii)  are  preferences  for  different  hearing  aids  on 
a quality  judgment  task  correlated  when  the  hearing-aid  -processed 
stimulus  materials  consist  of  a male  voice,  female  voice,  or  music, 
(iii)  do  normal-hearing  and  hearing-impaired  hsteneis,  as  listener 
groups,  yield  preference  judgments  that  are  correlated  with  one 
another?  (iv)  within  a given  group  of  subjects,  normal  or  hearing- 
impaired,  are  preference  judgments  similar  trom  one  individual 
listener  to  another? 

Ien  normal  listeners  and  ten  listeners  with  m.ld-to-modcraU 
high-frequency  sensorineural  hearing  loss  were  administered  a 
paired -comparison  paradigm  designed  to  elicit  preference  among 
hearing  aids  when  male  speech,  female  speech,  and  music  were 
processed  by  five  different  instruments.  Results  revealed  test-retest 
reliability  coefficients  ranging  from  0.86  to  0.35  across  the  three 
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stimulus  conditions  and  two  subject  groups.  Reliability  was  notably 
higher  within  both  groups  lor  the  male  speech  condition  and  in 
normal  listeners  lor  the  female  speech  condition.  An  analysis  of 
subjects’  ability  to  repeat  their  first -preferred  choices  was  per- 
formed. First-preference  judgments  of  individual  listeners  revealed 
good  reliability  lor  the  male  speech  condition,  and  a tendency 
toward  progressively  reduced  reliability  on  the  female  speech  and 
music  conditions,  respectively.  This  trend  was  in  keeping  with  that 
revealed  by  the  overall  data.  Test-retest  reliability  was,  in  general, 
better  for  the  normal-hearing  than  for  the  hearing-impaired  group; 
the  latter  group  demonstrated  a higher  number  of  tied  first  prefer- 
ences than  ditl  the  former. 

When  test  and  retest  data  were  combined,  preferences  assigned 
for  any  one  of  the  three  stimuli  were  found  to  be  positively  corre- 
lated with  those  assigned  for  each  of  the  other  two  stimuli.  Prefer- 
ences of  the  hearing-impaired  group  were  statistically  correlated 
with  preferences  ol  the  normal  listeners,  when  results  were  pooled 
across  test  sessions  and  stimulus  materials.  Rankings  derived  front 
the  preferences  of  individual  subjects,  within  the  separate  groups, 
were  highly  related  to  those  ol  the  other  subjects  within  the  re- 
spective group. 

1 hese  results  indicate  that  paired-comparison  quality  preferences 
ol  hearing-aid-processed  speech,  particularly  the  male  voice,  are  ade- 
quately reliable  for  clinical  use.  The  quality  judgment  task  exam- 
ined here  was  found  to  reflect  a reasonably  high  degree  of  sensi- 
tivity to  differences  among  hearing  aids,  although  the  presence  of 
a number  of  tied  preferences  in  the  individual  test-retest  data  fails 
to  support  fully  the  claim  of  Jeffers  (2)  that  quality  rankings  are 
“amazingly  definite  and  unambiguous." 

These  findings  reveal  generally  high  reliability  and  relatively 
strong  dillerentiating  power  ol  paired-comparison  quality  judg- 
ments and  also  suggest  that  quality  rankings  of  hearing  aids  are 
virtually  identical  among  individuals  with  high-frequency  sensori- 
neural hearing  loss  of  mild-to-modcratc  degree.  Of  course,  excellent 
hearing  in  the  low  frequencies  by  this  group  would  tend  to  make 
their  judgments  of  quality  similar.  The  results,  therefore,  should  not 
be  generalized  to  individuals  demonstrating  more  severe  hearing 
impairments  than  those  exhibited  by  the  subjects  in  this  study. 

LiitenerAtxued  Intelligibility  of  Aided  Speech 

In  a study  related  to  that  on  quality  judgments,  the  ability  of 
listeners  to  assess  subjectively  the  relative  intelligibility  of  con- 
nected discourse  was  investigated.  Here,  the  aim  was  to  determine 
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whether  the  intelligibility  ol  speech,  as  processed  via  hearing  aids, 
ean  he  evaluated  accurately  and  reliably  by  the  use  of  listener- 
based  criteria,  as  opposed  to  criteria  determined  by  the  experi- 
menter (i.c.,  percentage  of  words  correctly  repeated). 

Discourse,  spoken  by  a male  talker  with  General  American  dia- 
lect, was  processed  by  five  hearing  aids  under  conditions  of  quiet 
and  a background  ot  multitalker  babble.  Hearing-aid-processcd 
Revised  Central  Institute  for  the  Deaf  Sentences,  spoken  by  the 
same  male  talker  and  embedded  in  the  same  multitalkcr  back- 
ground, were  used  as  stimuli  in  establishing  criterion  intelligibility 
performance.  All  stimuli  were  tape  recorded  and  delivered  via 
monaural  earphone  to  90  normal  listeners. 

I est-retest  results  revealed  a reliability  coefficient  of  .94  on  the 
paired-comparison  condition  in  quiet,  and  a coefficient  of  .65  on 
the  paired-comparison,  babble,  condition.  A low  positive  relation- 
ship was  observed  between  responses  on  the  two  subjective  tasks. 
An  almost  negligible  correlation  was  found  between  subjective 
preferences  on  these  individual  conditions  and  performance  on 
the  sentence  task.  The  latter  result  was  attributed  in  part  to  the 
inability  of  the  Revised  Central  Institute  for  the  Deaf  Sentences  to 
differentiate  strongly  or  consistently  among  hearing  aids. 

On  the  basis  ot  this  study  and  previous  research  (l)  it  is  sug- 
gested that  listeners  may  be  presumed  to  evaluate  their  .tided  suc- 
cess in  everyday  listening  situations  on  the  basis  of  factors  untapped 
by  clinical  quantification  of  speeeh  intelligibility.  The  implication 
is  that  audiologists  should  begin  research  efforts  to  examine  the 
relationship  between  aided  clinical  measurements  of  listener- 
assessed  speeeh  intelligibility  and  success  with  hearing  aids  in 
real-life  situations. 

Investigation  of  Signal/Noise  Ratio  Measurement 

Klcctroacoustic  measurements  of  hearing  aids  have  traditionally 
been  designed  to  satisfy  requirements  for  simplicity,  reliability, 
ami  reproducibility  among  test  locations.  Furthermore,  they  have 
been  modeled  largely  after  tests  used  to  evaluate  high  fidelity  elec- 
tronic equipment.  The  VA’s  extensive  hearing-aid  procurement  and 
distribution  system  requires  a continual  examination  of  the  rele- 
vance of  such  measurements  and  the  development  of  more  ad- 
vanced measures.  The  Auditory  Research  Laboratory  serves  in  a 
consultant  capacity  to  the  hearing-aid  program.  Part  of  the  current 
effort  is  to  explore  and  develop  measurement  procedures  which 
may  improve  the  precision  and  clinical  significance  of  the  electro- 
acoustic comparisons. 
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One  such  development  is  a test  that  introduces  both  noise  and 
a tone  to  the  hearing  a>d.  By  incorporating  a filter  arrangement 
which  could  be  used  to  either  reject  the  tone  (passing  only  the 
noise)  or  reject  the  noise  (passing  only  the  tone),  we  were  able 
to  measure  the  signal-to-noise  ratio  (S/N)  of  the  hearing  aid  more 
meaningfully.  S/N  ratio  tests  in  hearing  aids  are  normally  a quanti- 
fication of  the  quiescent  noise  of  the  instrument.  These  data  relate 
to  the  "noisiness”  of  the  aid  in  quiet  conditions  but  do  not  describe 
the  ratio  of  a particular  signal  to  the  background  noise  when  both 
are  simultaneously  amplified  through  the  entire  hearing-aid  system. 

Our  original  arrangement  produces  the  output  values  for  the  sig- 
nal .ind  the  noise  on  a single  recording.  Using  tones  which  were 
varied  in  level  between  60  and  75  dB  SPl.  concurrently  with  55  dB 
of  speech  spectrum  noise,  the  S/N  ratio  was  examined  for  dynamic 
amplitude  conditions.  These  measurements  provided  information 
about  the  amount  of  dynamic  range  alteration  the  aid  introduced, 
as  well  as  the  S/N  values  at  specific  frequencies.  For  example,  many 
aids  with  automatic  gain  control  (AGC)  circuits  would  typically 
reduce  the  15  dB  level  change  to  less  than  5 dB  at  the  output.  At 
some  frequencies  we  observed  1 or  2 dB  of  expansion  of  the  signal. 
This  was  true  for  both  compression  and  non-compression  aids. 

One  of  the  most  surprising  findings  of  these  non-standard  mea- 
surements was  that  peak  clipping  had  the  tendency  to  drive  the 
background  noise  down,  producing  a recording  configuration  for 
linear  gain  aids  that  was  very  similar  to  that  of  aids  with  AGC. 
Under  these  test  conditions  peak  clipping  aids  seemed  to  operate 
with  a characteristic  that  is  generally  regarded  as  one  of  the  ad- 
vantages of  AGC  aids.  Several  modifications  of  the  measurement 
protocol  are  currently  being  investigated. 

The  Relation  of  Measurements  on  Kemar  to  Behavioral  Performance 

It  was  the  purpose  of  this  investigation  to  obtain  functional  gain 
measures  on  scnsorineurally-impaired  subjects  and  relate  those  mea- 
sures to  hearing-aid  insertion  gain.  Functional  gain  is  defined  as  the 
difference  between  aided  pure  tone  sound  field  thresholds  and  un- 
aided pure  tone  sound  field  thresholds.  Insertion  gain  is  the  sound 
pressure  at  the  coupler  microphone  with  the  hearing  aid  in  place 
on  KKMAR  less  the  pressure  which  would  exist  at  the  coupler 
microphone  with  no  hearing  aid  in  place. 

The  subjects  were  10  patients  of  the  Audiology  and  Speech 
Pathology  Service,  VAH,  Washington.  D.C.,  with  sensorineural 
hearing  losses  in  the  moderate  to  moderately -severe  category.  The 
Grason-Stadler  Audiometer  Model  1702  was  used  for  the  measures 
of  functional  gain.  Bruel  8c  Kjaer  and  associated  test  equipment  was 
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used  lor  insertion  gain  measures  on  KKMAR.  The  insertion  gain  ol 
a moderate  power  ovcr-thc-ear  hearing  aid  was  measured  on 
KKMAR  in  the  anechoic  chamber.  The  volume  control  position  was 
full-on  for  this  measurement.  With  this  same  hearing  aid,  aided  and 
unaided  threshold  measurements  using  interrupted  pure-tonc 
stimuli  were  made  with  the  opposite  ear  occluded.  The  volume  con- 
trol position  was  identical  for  both  procedures.  Fully  occluding 
earmolds  were  used  on  the  manikin  and  the  subjects.  For  most  fre- 
quencies there  is  a 2 dB  difference  between  mean  functional  gain 
and  insertion  gain  on  KKMAR  (Fig.  17).  The  range  of  responses 
was  high,  especially  for  the  higher  frequencies. 
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FIGURE  1 7.  Mean  functional  sain  and  insrrtional  sain  on  KKMAR. 


* , Many  factors  can  contribute  to  lack  of  agreement  between  inser- 
tion gain  and  functional  gain:  ., 

1.  Subject’s  clothing; 

2.  Tubing  dimensions;  , 

3.  Body  size  and  shape; 

4.  Position  of  the  hearing  aid  on  the  subject's  head;  and 

5.  Earmold  differences  and  insertion  depth. 

Because  of  the  great  interest  of  clinicians  and  engineers  in  inser- 
tion gain  and  functional  gain,  research  in  this  area  is  continuing. 
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Compression  Amplification  and  Speech  Intelligibility  in  Noise ^ 

A Final  Report 

Audiology'  and  Speech  Pathology  Service 

VA  Hospital 

University  Drive  C 

Pittsburgh,  Pennsylvania  15240 

Jing  J-  Sung,  Ph.  D. 

This  study  was  designed  to  investigate  the  influence  of  various 
methods  of  compression  amplification  on  speech  intelligibility,  and 
to  evaluate  the  effectiveness  ol  compression  amplification  in 
reducing  tolerance  problems  for  loud  sounds.  The  three  types  of 
compression  amplification  systems  under  study  were  the  Automatic 
Volume  Control  (AVC),  the  fixed  ratio  (2  to  1),  and  the  variable 
ratio  compression.  Comparisons  were  also  made  between  the  com- 
pression and  the  conventional  linear  amplification  systems. 

A wearable  master  hearing  aid  yvith  switch-selectable  controls  was 
designed  and  built  by  a hearing  aid  manufacturer  for  this  study.  The 
hearing  aid  was  housed  iij  a pocket-size  package  which  was  connect- 
ed via  a miniature  cable  to  a post-auricular  module.  This  module 
contains  a forward-facing  omnidirectional  microphone  and  a 
receiver.  The  pocket  package  houses  the  battery,  volume  control, 
electronic  circuitry  and  selector  switches.  An  1 8-in  cable  was  used 
to  connect  the  two  units.  The  frequtney  response  of  the  master  aid 
was  designed  to  approximate  that  of  a typic.d  commercial  hearing 
aid.  Measurements  of  the  electro-acoustic  characteristics  of  the 
master  aid  yvere  obtained  using  the  ANSI  standard  (S3.22-1976). 
Furthermore,  the  amplitude  non-linearities  of  the  four  systems  were 
measured  using  three  different  distortion  measurements:  harmonic, 
difference-frequency,  and  intermodulation  distortion. 

• Twenty-four  subjects  with  mild-to-moderatc  bilateral  sensori- 
neural hearing  loss  were  included.  The  master  aid  yvas  worn  in  the 
aided  ear  and  the  test  words  (Northwestern  University  No.  6)  were 
presented  at  70  and  85  dB  SPL  with  a S/N  of  6 dB  calibrated  to  a 
point  representing  the  middle  of  the  subject’s  head. 

The  compression  amplification  system  was  found  to  improve  the 
listener’s  discrimination  ability  in  noise.  Especially  at  the  loud 
speech  level,  the  observed  difference  reached  24  percent. 
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Among  the  three  types  of  compression  amplification,  the  2 to  1 
fixed  ratio  compression  was  found  to  exhibit  the  best  performance 
at  both  presentation  levels. 

Furthermore,  the  compression  amplification  system  was  found  to 
increase  the  aided  dynamic  range  and  thus  effectively  reduce  the 
tolerance  problem  for  patients  with  sensorineural  hearing  loss.  High 
level  of  DF  (Difference-Frequency)  and  IM  (Intermodulation) 
distortions,  along  with  reduced  aided  dynamic  range,  were  the  like- 
ly factors  that  caused  the  decreased  discrimination  scores  for  the 
linear  amplification  system. 


Development  and  Evaluation  of  a New  Artificial  Larynx 
VA  Hospital 

Gainesville,  Florida  32602 

Lewis  Goldstein,  Ph.  D.,  Howard  Rothman,  Ph.  D.,  and 

Calvin  Oliver,  Ph.  D. 

At  present,  there  are  approximately  30,000  laryngectomees  in 
the  United  States.  At  least  9,000  new  laryngectomees  are  discover- 
ed each  year.  However,  due  to  a 50  percent  attrition  rate  the  gen- 
eral number  of  laryngectomees  within  the  population  remains 
constant. 

There  are  several  methods  of  acquiring  oral  speech  communica- 
tion available  to  the  laryngectomized  individual:  these  include 
esophageal  speech,  air  bypass,  and  pneumatic  and  electric  larynxes. 
There  are  problems  inherent  with  all  of  these  methods  and/or 
devices. 

The  goal  of  the  proposed  program  of  research  is  to  develop  a 
neck  vibration  device  that  (i)  is  cosmetically  pleasing,  (ii)  has 
effective  contact  over  a wide  range  of  post-surgical  anatomical 
structures,  (iii)  can  be  fitted  to  the  neck  for  extended  periods  of 
time,  (iv)  has  a choice  of  activation  by  either  resistive  respiratory 
pressure,  muscle  action  potential,  or  hand  switch,  (v)  will  be  highly 
intelligible  over  a wide  range  of  acoustic  environments,  and  (vi)  will 
be  driven  by  a waveform  similar  to  the  natural  laryngeal  tone. 

This  research  program  will  seek  major  advances  in  the  reduction 
of  input  impedances  and  the  coupling  between  the  device  (to  be 
developed)  and  neck  tissue.  This  will,  in  effect,  provide  an  almost 
direct  coupling  to  the  air  in  the  vocal  tract.  The  approach  taken  is 
analogous  to  the  coincident  frequency  phenomenon  in  vibrating 
panels.  Further,  the  type  of  neck-mounted  collar  devised  will  elimi- 
nate masking  transmission  and  will  reduce  power  requirements. 
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VETERANS  ADMINISTRATION 
REHABILITATIVE  ENGINEERING  REFERENCE  COLLECTION 

The  primary  mission  of  the  Office  of  Technology  Transfer, 
Rehabilitative  Engineering  Research  and  Development  Service,  is 
to  expedite  the  transfer  of  research  results  into  clinical  practice;  this 
will  include  the  dissemination  of  information  on  new  devices  and 
techniques  developed  in  the  rehabilitative  engineering  program.  One 
of  the  means  used  by  OTT  to  achieve  this  goal  is  a unique  reference 
collection  situated  in  New  York. 

This  collection  was  begun  more  than  25  years  ago  by  the  Re- 
search and  Development  Division  of  the  VA  Prosthetic  and  Sensory 
Aids  Service,  Department  of  Medicine  and  Surgery,  which  in  1973 
became  the  Research  Center  for  Prosthetics,  from  which  OTT  has 
recently  evolved.  Thus  the  collection’s  management  has  been 
continuous  despite  name  changes. 

The  resulting  collection  includes  both  formal  and  informal  pub- 
lications, unpublished  information,  patents,  reports  of  research 
projects,  progress  reports,  and  audio-visual  materials.  There  is  also 
an  extensive  collection  of  handout  materials.  Today  the  OTT  has 
probably  the  largest  collection  of  its  kind  in  the  world  and  OTT  is 
still  in  the  process  of  acquiring  information  and  materials  in  the 
related  fields.  The  present  holdings  include  2,500  books,  135  per- 
iodicals (including  back  issues  of  some  journals  since  the  collection 
was  instituted),  900  technical  reports  to  VA  or  other  agencies, 
12,500  reprints  and  copies  of  papers,  7,000  patents,  80  films  and 
22  videocassettcs,  all  dealing  with  various  aspects  of  the  field  of 
rehabilitative  engineering.  The  collection  is  valuable  for  both 
retrospective  research  and  modern  studies.  This  collection  has  been 
and  is  currently  used  as  a source  of  reference  for  a highly  special- 
ized clientele  whose  interests  are  in  prosthetics,  orthotics,  spinal- 
cord-injury,  automotive  adaptive  equipment,  and  sensory  aids.  The 
last  category  includes  material  concerning  the  hearing  impaired  and 
the  deaf,  the  visually  impaired  and  the  blind,  and,  those  with 
speech  defects. 

This  reference  collection  is  available  for  use  by  all  individuals 
in  the  medical  or  allied  health  and  engineering  professions,  on 
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ilu-  premises,  through  the  mail,  or  by  phone.  Some  materials  may 
be  borrowed  (through  interlibrary  loan  service  to  individual  institu- 
tions and  rehabilitation  centers)  lor  clinical  research  purposes. 
Photocopies  of  specific  articles  are  provided  on  request  tor  personal 
research  and  study.  There  is  also  a limited  supply  of  pamphlets, 
booklets,  reports,  suggested  reterenees  and  various  other  types  ol 
materials:  appropriate  documents  ol  specific  interest  are  available 
free  to  visitors  and  are  distributed  at  no  cost  to  rehabilitation  cen- 
ters throughout  the  world  in  response  to  requests  tor  information 
on  clearly  defined  topics. 

Tor  additional  information  on  the  collection,  or  specitic  inquiries 
and  service,  write  to:  Ms.  Lily  W.  Horn,  Rehabilitative  T.ngineering 
Reference  Collection,  Office  of  Technology  'Transfer,  Rehabilitative 
Knginccring  Research  and  Development  Service,  Veterans  Admin- 
istration, 252  Seventh  Avenue,  New  York,  N.Y.  10001. 

AEMB  ELECTS  NEW  OFFICERS  FOR  1978-79 

The  Alliance  for  T.ngineering  in  Medicine  and  Biology  has  elected 
the  following  new  officers  for  1978-79:  President,  b.dvvard  J. 
llinman,  M.D.,  Assistant  Surgeon  General  and  Director,  Division  ol 
Hospitals  and  Clinics,  U.S.  Public  Health  Service,  College  Park,  Md.; 
Vice  President,  Thelma  F.strin,  Ph.  D.,  Director,  Data  Processing 
laboratory.  Brain  Research  Institute  at  UCLA,  Calif.;  Secretary, 
Paul  \V.  Mayer,  M.D.,  Clinical  Associate  Professor  ol  Orthopaedic 
Surgery,  University  of  Miami  Medical  School,  Miami,  Ha.;  and 
Treasurer,  Daniel  1).  Rcncau,  Jr.,  Ph.  D.,  Professor  and  Head, 
Biomedical  T.ngineering  Department,  Louisiana  Tech  University, 
Louisiana. 

DIRECTORY  OF  SCIENTISTS  WITH  HANDICAPPING  CONDITIONS 

The  Project  on  the  Handicapped  in  Science  of  the  American 
Association  for  the  Advancement  of  Science  (AAAS)  is  developing 
a directory  of  scientists  with  handicapping  conditions. 

Research  for  the  publication  is  supported  by  the  National 
Science  Foundation. 

Scientists  listed  in  the  directory  will  be  asked  if  they  would  be 
willing  to  act  as  evaluators,  consultants,  or  advisors  on  many  levels 
concerning  science  and  the  handicapped. 

NATIONWIDE  SURVEY  PLANNED 

The  Veterans  Administration,  Department  of  Medicine  and 
Surgery,  has  awarded  the  National  Amputation  Foundation  a con- 


188 


AD-A060  759 


UNCLASSIFIED 


VETERANS  ADMINISTRATION  NEW  YORK  OFFICE  OF  TECHNOLOG— ETC  F/6  6/5 
BULLETIN  OF  PROSTHETICS  RESEARCH. (U> 

1978  E F MURPHY 

BPR-10-29  NL 


END 

DATE 

FILMED 

1-79 


DDC 


Notes  and  Newt 


tract  to  undertake  a survey  of  the  status  and  prosthetic  needs  of 
service -connected  amputees. 

The  survey  is  expected  to  provide  a representative  view  of  the 
rehabilitation  achieved  and  to  identify  the  needs  for  the  develop- 
ment of  new  prosthetic  devices  and  treatment  techniques. 

14TH  WORLD  CONGRESS  OF  REHABILITATION  INTERNATIONAL  - 
JUNE  22-27, 1980 

The  Canadian  Rehabilitation  Council  for  the  Disabled  is  hosting 
the  14th  World  Congress  of  Rehabilitation  International  in  Winni- 
peg, Manitoba,  Canada. 

The  purpose  of  the  Congress  is  to  serve  the  interests  of  all  con- 
cerned with  disability,  prevention,  and  rehabilitation. 

The  theme  of  the  Congress  is  “Prevention-Integration:  Priorities 
for  the  ‘80 ’s”. 

(For  information:  World  Congress  of  Rehabilitation  International, 
c/o  Canadian  Rehabilitation  Council  for  the  Disabled,  P.O.  Box 
1980,  Winnipeg,  Manitoba,  Canada.  R3C3R3.) 

SPACE  SHUTTLE-1980'* 

Two  VA  physicians  have  been  selected  and  will  report  to  the 
Johnson  Space  Center  in  Houston  for  two  years  of  training  as 
Mission  Specialists  for  America’s  Space  Shutde  Corps.  They  are 
Margaret  Rhea  Scddon,  M.D.,  a 3rd-y«*ar  surgical  resident  at  the  VA 
Hospital,  Memphis,  Tenn.,  and  Norman  Thagard,  M.D.,  an  intern  at 
the  VA  Hospital,  Charleston,  Va. 

Dr.  Seddon  and  Dr.  Thagard  are  two  of  35  selected  from  8,079 
applicants. 


HENRY  H.  KESSLER,  M.D.,  Ph.  D.,  1896-1978 

Dr.  Henry  H.  Kessler,  who  died  on  January  18,  1978,  often 
described  admiringly  the  tremendous  resources  available  in  his 
patients.  In  turn,  his  friends  admired  the  imagination,  talents,  and 
energies  he  displayed  over  an  eventful  career  as  orthopedic  surgeon 
and  as  a spokesman  for  rehabilitation,  whose  essence  he  defined  as 
“ideas.” 

He  *•  is  born  in  Newark,  New  Jersey,  on  April  10, 1896.  With  the 
aid  of  a scholarship  and  work  as  a writer  and  night  chef,  he  took  the 
premedical  course  at  Cornell  University  at  Ithaca,  then  worked  his 
way  through  the  Cornell  Medical  School  in  New  York  City.  His 
original  interest  was  in  obstetrics,  but  during  his  internship  at 
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New  at  k (min  Hospital  lie  \ olunteered  to  assist  pat t time  I )i . I' n il  II. 
Alhee,  a gienl  nrlhnpetlit  sutgeoit  ol  World  Wat  I.  Hi.  All *«■»• . Inst 
than  man  ol  tin-  pioncci ing  New  lerscv  Rehabilitation  t amimission, 
was  at tempting,  on  a \n\  small  budget,  to  transler  the  methods  ol 
his  sint  esslnl  ret  onsiiiit  lion  hospital  lot  vv.n  wounded  to  a small 
stale-sponsored  eltnii  lot  mimed  woikmen.  It  was  housed  in  a loll 
ol  a lacloiv  building,  on  the  Hoot  below  the  Woiknien's  Compensa 
(ion  Hureati,  w hir  It  provided  r ases.  Months  altei  completing  iiiiein 
ship,  l)i.  Kesslet  was  lured  as  lull  time  stall  memliei . I vcntuallv 
he  her  ante  Medical  Hirer  lot  ol  the  C.linit  and  latei  ol  the  New  Jet 
sev  Rehabilitation  Commission.  Despite  an  atlark  ol  tuheir  ttlosis, 
hr'  earnetl  an  M.A.  degree  at  Columbia  I’ltivetsitv  ; still  latei  he 
reeeiverl  a Pit.  11.  there,  lie  had  graduallv  de\ eloped  associations 
with  otltet  hospitals  anil  a private  practice  ami  marie  several  ttips 
abroad  b\  the  time  World  Wat  II  began.  Allet  a bur  l period  ol 
examining  reeiuits,  he  was  sent  to  the  South  Partin  to  neat 
wounded  from  Cuad.ileau.il.  llv  Oetober,  1‘*  1C  lie  was  transient'll 
to  Mare  Island,  California. 

Her  arise  Hi . Kesslet  was  a Cornell  graduate  as  well  as  a distinguish 
erl  orthoperlir  suigeou  anil  lehabililation  pioneei  ami  beeause  lie 
was  currently  statiotterl  at  the  amputation  servin'  at  the  Mare  Island 
Naval  Hospital  with  a fascinating  slots  to  tell,  he  was  the  piiiuipal 
speaker  at  the  monthly  meeting  ol  the  Cornell  Club  ol  Salt  l-'raneiseo 
on  the  lust  Wednesday  of  July,  l'*l  I.  A sktllerl  raeonteur,  he 
last  mated  the  autlieiiee  with  movittr;  tales  ol  the  rehabilitation  ol 
amputees  at  a variety  ol  levels  and  disabilities,  some  ol  them 
bilalerals.  He  told  a number  ol  .met  dotes  ol  speeilie  patients,  both 
rivtlian  before  the  wat  attrl  the  Naval  anrl  espeeiallv  Marine  patients 
whom  he  had  seen  in  the  South  Pneilie  and  at  Mate  Island,  these 
impressed,  amused,  anrl  olten  moved  his  audienee  ol  lellow  Cornell 
i.uis.  I’lte  only  slight  problem  was  a eolot  motion  pieture  int  ituling 
some  seenes  ol  revision  amputations  whit  It  some  ol  the  members 
found  a bit  disturbing  immediately  after  a rleliglttlul  luneli! 

Beeause  1 was  a Cornell  nieehauie.il  engineer,  teaching  at  that 
time  al  the  Universitv  of  California  at  Berkeley,  1 attended  this 
meeting  and  listened  with  great  interest,  l-'ortunatelv  the  motion 
picture  did  not  upset  me,  but  the  numerous  scenes  of  construction 
of  artificial  limits,  of  the  process  of  fitting  and  alignment,  and  .>1 
amputee  gait  appealed  to  mv  already  existing  interest  in  mechanics 
of  the  hotly,  l'ltat  area  had  been  suggested  to  me  by  the  late  Proles 
•.or  1..  M.  K.  Boelter  in  1941!  when  I was  assigned  to  teach  analytical 
mechanics  to  the  engineering  students.  After  the  meeting  1 talked 
with  Hr.  Kessler  of  my  interest  in  the  applications  of  mechanics  to 
the  human  body,  a field  which  was  just  beginning  to  be  called 
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biomechanics.  He  seemed  interested  and  suggested  that  we  get  to- 
gether again  to  discuss  the  engineering  problems  related  to  artificial 
limbs. 

Unfortunately,  before  1 had  an  opportunity  to  visit  Mare  Island, 
Professor  Howard  Kberhart  of  the  Civil  Engineering  faculty  of 
Berkeley  lost  his  leg  in  an  accident  in  August,  1944.  l)r.  Verne  T. 
Inman  of  the  UC-BI,  Medical  School,  who  had  already  been  work- 
ing with  Professor  Kberhart  on  analysis  by  engineering  methods  of 
the  forces  in  the  tendons  about  the  shoulder  joint,  had  to  perform 
the  below-knee  amputation.  As  a result  of  seeing  the  Navy  film  and 
hearing  Dr.  Kessler’s  talk,  1 was  able  to  reassure  a number  of  our 
engineering  colleagues  (who  had  misinterpreted  the  shocking  report, 
“he  lost  his  leg,"  as  meaning  a hip  disarticulation)  that  a below- 
knee  amputee  was  capable  of  a very  high  degree  of  rehabilitation. 
I visited  Professor  Kberhart  at  the  University  of  California  Hospital, 
where  I found  him  working  on  the  problem  of  mechanics  of  the 
shoulder  joint  as  a sort  of  occupational  therapy  to  take  his  mind, 
as  he  said,  off  the  pain  in  his  stump.  1 was  able  to  tell  him  of  the 
Kessler  lecture. 

Through  other  sources  entirely.  Professor  Kberhart  was  sent  to 
Mare  Island  to  be  fitted  with  a temporary  artificial  limb  of  the  type 
then  being  used  by  Dr.  Kessler.  It  consisted  of  felt  wrapped  around 
the  slump  and  encased  in  plaster  of  Paris  bandage  into  which  were 
incorporated  brace-like  side  bars  fastened  to  a wooden  ankle  block 
and  the  conventional  single-axis  ankle  attached  to  the  artificial  foot. 

Dr.  Kessler  had  long  been  an  advocate  of  cineplasty,  particularly 
using  skin-lined  tunnels  through  the  forearm  muscles,  based  on  his 
visit  to  Dr.  Ferdinand  Sauerbruch  at  Berlin  in  1928.  This  technique 
was  used  rather  extensively  at  Mare  Island.  In  later  years  we  saw  at 
a National  Research  Council  meeting  one  of  Dr.  Kessler’s  patients 
who  possessed  strong  forces  and  substantial  excursions,  but  unfor- 
tunately he  was  relatively  rare.  A great  many  of  the  patients  had 
quite  limited  forces  and  excursion  from  forearm  cineplasty.  Among 
the  great  advantages,  of  course,  were  dexterity  and  sensory  feed- 
back. Some  people  returned  to  playing  the  piano  with  dramatic 
success,  using  a split  hook  easily  adjustable  in  span  to  strike  chords 
accurately.  A natural  sensory  feedback  resulted  from  muscle  pro- 
prioception in  the  muscles  normally  controlling  the  fingers  and 
from  the  pressures  in  the  tunnels  from  the  pegs  reflecting  the  pres- 
sure between  the  fingers  and  thumb  as  long  as  direct  control  was 
being  used.  The  limitation  of  this  sensory  feedback,  however,  was 
that  in  order  to  obtain  strong  forces,  many  patients  necessarily  used 
a special  “advancing”  lock  which  both  closed  the  grip  slightly 
further  and  locked  the  hand. 
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Alter  the  war  Dr.  Kessler  not  only  rebuilt  his  private  praetiee  hut 
was  able  to  establish  the  Kessler  Institute  for  Rehabilitation  in 
South  Orange,  New  Jersey.  The  early  patients  were  paraplegics  sent 
by  the  United  Mine  Workers  Welfare  ami  Retirement  Fund.  The 
Fund  collected  royalties  from  (Ik*  coal  companies  on  the  coal 
mined.  It  was  able  to  send  former  military  ambulance  railroad  cars 
and  other  vehicles  into  the  mountains  of  Appalachia  to  bring  out 
miners  who  in  many  cases  had  been  left  neglected  in  local  hospitals 
or  in  their  homes  after  coal  mine  accidents  had  broken  their  backs; 
their  conditions  were  often  complicated  by  amputations  or  other 
disabilities. 

1 he  development  of  spinal  cord  injury  care  during  World  War  11 
had,  of  course  been  dramatic,  leading  to  much  higher  probability  of 
survival  and  recovery,  control  and  elimination  of  urinary  infections 
and  pressure  sores,  and  vigorous  methods  for  rehabilitation.  l)r. 
Howard  Rusk,  after  leaving  the  Army  Air  Corps  and  setting  up  what 
is  now  the  Institute  of  Rehabilitation  Medicine  at  New  York  Uni- 
versity, and  Dr.  Kessler  and  his  Institute  played  major  roles  in  the 
transfer  of  these  military  developments  to  a large  scale  civilian 
application,  both  Institutes  played  major  roles  in  the  training  of 
large  numbers  of  doctors,  nurses,  therapists,  counselors,  and 
orthotists  in  the  special  techniques  involved  in  rehabilitation  of  the 
spinal  cord,  amputees,  hcmiplcgics,  and  other  severely  disabled. 

This  concept  of  special  rehabilitation  institutes  likewise  repre- 
sented a transfer  to  civilian  life  of  the  major  rehabilitation  centers 
which  bail  been  rapidly  built  up  by  military  and  naval  establish- 
ments but  then,  like  Dr.  Albcc’s  military  hospital,  quickly  disband- 
ed a year  or  two  after  the  war  ended  as  the  military  patients  were 
released  and  transferred  to  the  care  of  the  Veterans  Administration. 
Fortunately  many  reserve  officers  besides  Drs.  Kessler  and  Rusk 
retained  their  enthusiasm  for  interdisciplinary  rehabilitation  of  the 
amputees,  spinol-cord-injurcd,  or  blind  as  they  returned  to  private 
practice  and  teaching.  They  have  served  in  key  roles  in  programs  for 
vocational  rehabilitation,  crippled  children,  and  veterans. 

Dr.  Kessler,  whose  early  years  had  been  at  the  Hospital  for 
Crippled  Children  in  Newark,  N.J.,  was  a pioneer  in  advocating 
prompt  care  of  child  amputees  including  congenitals.  The  Kessler 
Institute  of  Rehabilitation  not  only  treated  patients  individually 
but  for  many  years  held  annual  child  amputee  conferences  to  which 
both  professionals  and  families  of  child  amputees  were  invited. 
These  typically  included  demonstrations  of  some  severely  handi- 
capped children  who  had  been  rehabilitated.  Dr.  Kessler  had  some 
very  severely  involved  children  as  patients  long  before  the  Thalid- 
omide disaster  in  F.uropc.  He  often  used  cincplasty  or,  in  later  years. 


. ' 

I 


192 


I 


Notes  and  News 

pneumatic  externally  powered  arms  on  severely  handicapped  bi- 
lateral upper-limb  amputees. 

1-arge  numbers  of  visitors  to  the  Kessler  Institute  carried  away 
both  technical  knowledge  and  inspiration.  In  turn.  Dr.  Kessler  him- 
self was  a frequent  traveler  to  many  parts  of  the  world,  stimulating 
local  programs,  lecturing,  and  serving  as  an  expert  consultant  for 
international  organizations,  foreign  governments,  and  private 
charitable  organizations  in  many  countries.  He  was  a dynamic 
spokesman  tor  rehabilitation,  with  a fund  of  anecdotes  and  examples 
to  illustrate  the  key  points  of  his  talks. 

He  was  elected  the  president  ol  the  then  International  Society 
lor  the  Welfare  of  Cripples  in  1948,  giving  that  organization  new 
vitality  and  much  greater  influence.  The  successor  organization  is 
now  known  as  Rehabilitation  International  with  widespread 
member  societies  in  various  countries,  and  holds  an  official  consult- 
ative status  to  the  United  Nations.  When  he  attended  in  1972  Inter- 
national Congress  of  Rehabilitation  International  at  Sydney,  Aus- 
tralia, he  practically  held  court,  with  a steady  stream  of  visitors  and 
admirers  calling  upon  him. 

In  1954  the  World  Health  Organization  organized  a conference 
on  amputations  and  prosthescs  at  Copenhagen,  Denmark  with  a 
dozen  participants.  Dr.  Kessler  was  unanimously  elected  president, 
with  Sir  Harry  Platt  of  Great  Britain,  then  president  of  the  British 
Orthopaedic  Association,  as  vice-president  and  Dr.  Gudmund 
Harlem  of  Norway,  later  Minister  of  Health  in  Norway,  as  Rappor- 
teur. I have  always  felt  that  I was  both  honored  and  fortunate  in 
being  selected  to  be  a participant,  the  only  non-medically  trained 
member  of  the  group.  It  was  a delight  to  watch  Dr.  Kessler’s  skillful 
channeling  of  discussion  and  suave  methods  of  reconciling  differ- 
ences of  opinions  in  this  very  diverse  international  group.  One  even- 
ing during  the  conference  Dr.  Knud  Jansen  of  Denmark,  later  chair- 
man of  the  Rehabilitation  International  Committee  on  Prosthetics 
and  Orthotics  and  first  president  of  the  International  Society  for 
Prosthetics  and  Orthotics,  invited  some  of  us,  including  Dr.  Kessler 
and  me,  to  dinner  at  his  apartment,  then  at  the  Orthopedic  Hospital. 
It  was  a charming  evening  and  a delightlul  opportunity  to  meet 
informally  with  great  people. 

As  an  orthopedic  surgeon  himself,  he  tried  to  keep  orthopedic 
surgeons  interested  in  the  field  of  rehabilitation  at  a time  when 
many  were  so  busy  with  new  operating  techniques  that  they  tended 
to  lose  interest  in  the  welfare  of  the  patients  after  the  scar  had  heal- 
ed. Dr.  Kessler  presented  or  discussed  papers  at  the  American 
Academy  of  Orthopaedic  Surgeons  and  his  exhibit  on  cineplasty  in 
1936  won  the  gold  medal. 
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When  tin-  American  Board  I'm  Cei  tilii  ulion  in  Orthotiis  and 
Prosthetics  was  organized  in  1918  by  laisightcd  leaders  ol  the  pros- 
thetics and  orthotiis  industry,  they  decided  to  take  tin-  highly  mi 
usual  step  of  inviting  members  of  anotlu  i profession  to  participate 
on  the  Board  ol  Dim  tors,  Font  ol  the  seven  directors  were  selei  ted 
Iront  aiming  the  leading  prosthetists  and  orthotists,  hut  three  were 
nominated  by  the  American  Academy  ol  Orthopaedic  Surgeons. 
l)r.  Kesslei  was,  as  I mall,  among  the  first  three  selected  to  serve 
on  this  very  important  Board  to  certify  both  individual  pructitinn 
ei  s and  the  facilities  in  vvliii  h they  prai  lice.  Dr.  Kessler’s  earlv  sen 
iee  on  this  Board  undotibledlv  helped  to  establish  confidence  and 
respeet  for  its  efforts.  Ills  genial  methods  ol  reconciling  different  es 
helped  develop  mutual  respei  I among  the  members  and  the  middle 
a.ned  or  older  individuals  undergoing  the  certification  process. 

A major  dinner  in  his  honor  was  held  at  the  Waldorf  Astoria 
Hotel  in  New  York  City  on  the  oeeasinn  of  his  70th  birthday 
attended  by  a large  ballroom  lull  of  admirers  and  eiilluisiastie 
supporters.  It  was  only  one  of  many  tributes  paid  to  him. 

Ilis  autobiography  , I lie  Knife  Is  Xo  I l-nou^h,  published  by  W.  \V. 
Norton  in  1008,  presented  a fascinating  story  of  his  own  earlv 
st rubles  for  edueation,  for  rehabilitation  in  general,  and  for  treat- 
ment ol  amputation  and  spinal  lord  injury  in  purtieulur.  It  is 
replete  with  anecdotes  and  moving  stories  of  some  of  his  eases  as 
well  as  numerous  details  ol  his  own  life,  adventures  in  many  nations, 
honors,  and  occasional  disappointments.  An  earlier  book.  Peter 
Stuyvesunt  ami  Ilis  A Vic  York,  Random  House,  1 95*),  described  his 
research  establishing  that  the  colonial  governor  of  New  Amsterdam 
had  lost  his  right  leg. 

In  the  passing  of  this  pioneer,  the  world  has  lost  a kindly  and 
gentle  man.  The  fields  of  rehabilitation  as  a whole  and  especially 
after  amputation  or  spinal  cord  injury , particularly  the  orthopedic 
aspects,  have  lost  a champion. 

Plugc  tie  F.  Murphy 


HENRY  H.  KESSLER  MEMORIAL  FELLOWSHIP 

Howard  A.  Rusk,  M.D.,  president  of  the  World  Rehabilitation 
Fund  has  announced  the  creation  of  the  Henry  H.  Kessler  Memorial 
Fellowship  in  honor  of  the  world-renowned  authority  on  rehabilita- 
tion. 

A physician  from  Bandung,  Indonesia,  has  received  the  first 
fellowship  for  advanced  training  in  rehabilitation  medicine  at  the 
Santo  Tomas  University  Hospital  in  the  Philippines. 


194 


I 


I 


H 


RECENT  PATENTS* 

Alignment  Device  fur  Artificial  l.imbs.  Delhi  k.  W.  Max . assignor  to  |.  K.  Hanger  and  Cn., 
Loudon,  f.nglund.  Clumping  strews  on  th.  alignment  dour  may  Ik-  loosened  or  the  device 
iliMiianllril  without  tin  loss  ol  a (lum. I alignment  sc  I tiny;.  (Patent  No.  8,982,278,  Sept. 
28,  197b.  filed  Jan.  29,  197b,  Appl.  No.  653,605;  5 ilaitm.) 

Hioelrclrndcs.  lukuvu  K.  Sato.  I Ills  hioc-lfctrotlf  design  Ic-utuics  a pail  ol  elec  troly  lc- 
tillcil  absorbent  material  uuunged  lu  pu  ss  against  the  skin  at  all  times,  thus  ensuring  good 
eleurual  runtart.  (Patent  No.  8,982.529,  Sept.  28.  1976;  tiled  Aug.  7,  1975,  Appl.  No. 
ti02.HH  . 4 1 tlaims.) 

Fluid-Filled  Cushioning  Assemblies:  J.  I lei  Ih  it  Keeton.  A luinpartmenled  eushiun  is  tilled 
ssith  fluid.  I he  individual  cells  may  either  be  sealed  oil  oi  a tree  exchange  ol  Hind  may  be 
produced  by  opening  salses  betu.cn  cells.  It  is  claimed  that  by  control  over  lion,  the 
tushton  shape  mas  In  saii.,1  as  desired.  (Patent  No.  8,984,886,  Oil.  12,  1976;  tiled 
Aug.  20,  1975,  Appl.  No.  ti0ti,079;  5 claims.) 

Functional  Ankle  for  a Prosthetic  Limb:  Charles  C.  Asbelle,  to  n.  K.  Ilelmutli.  William  K. 
Apple  gate,  and  t.eral. I K.  Porter,  assignors  to  the  Secretary  ol  the  Nats . Washington,  D.C. 
\n  impros.  inent  ol  the  SAl.ll  loot  in  csliich  an  additional  bloc  k ol  iuIiIh-i  is  so  mounted 
as  to  permit  transverse  rotation.  (Patent  No.  8.982,280,  Sept.  28,  I97t>;  tiled  Oc  I.  ti,  1975, 
Appl.  No.  (.19,875;  I claim.) 

Inflation  Device  for  a Pneumatic  Orthosis:  Donald  K.  Shatter,  assignor  lo  I Inokol  Cory.. 
Pneumatic  orthoses  are  ustiallv  mllated  with  an  electric  motor  driven  compressor.  Plus 
invention  would  employ  gas  cartridges,  carried  in  two  canes,  to  ac liicvc  the  net cssarv  infla- 
tion. So  cpiippcd.  the  user  cun  inflate  the  orthosis  without  access  to  external  power. 
(Patent  No.  5,982,551,  Sept.  28,  197ti;  filed  April  .80.  1975,  Appl.  No.  572,980;  H 
c I .runs.) 

Mechanical  Prosthesis  of  the  Knee:  Mario  C.  Valenti  and  Jorge  C.  Samaranc  h.  A weight- 
operated  mechanical  knee  brake,  claimed  to  oiler  superior  stability  on  ramps.  (Patent  No, 
8,982.279,  Sept.  28,  197ti;  filed  March  ti.  1975,  Appl.  No.  556,1 1 2;  5 claims.) 

Method  of  and  Means  For  Scrambling  and  Deseramhling  Speech  at  Audio  Frequencies: 

Daniel  t.raupe,  fort  Collins,  Colo,  and  (i.  Donald  Causey,  Chevy  Chase,  Me!.,  assignors  to 
Hiosyxtems  Research  Croup  II,  Chevy  Chase,  Md.  A method  lor  processing  an  input  audio- 
Irctpiencv  signal  which  is  to  Ih-  transmitted  through  a communication  channel,  comprising 
scrambling  the  input  signal,  transmitting  the  analog  signal  through  the  channel,  and  de- 
scrambling the  transmitted  scrambled  analog  signal.  (Patent  No.  4,086,435,  filed  Sept.  17, 
1976,  Appl.  No.  724,  170,  I 8 t laims.) 

Photocurahlr  Contour  Conforming  Splint:  Donald  C.  Carwood  and  llarrv  law,  assignors 
to  Merck  and  Co.,  Inc.  A splint  material  of  fabric  impregnated  by  a photocurable  resin, 

al‘atents  nrav  be  ordered  by  number  from  the  Commissioner  of  Patents,  Washington,  D.C., 
20231,  at  50*  each. 
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«(i«  i nutiitihK,  it  iuml  li\  rvpttiuir  it*  4 lunk  t*l  poHfilMl  llumru ml  lamp*.  Ii  it  1 Uiiim  «I 
th«l  the  irtullmx  nuliu  1%  Ati  And  waIci  \* mu 4itd  ugitl  rtm  when  wet.  (1*4  ten  I No. 
ft,99ft,129,  th«  1976,  tiled  June  2.  197ft,  Appl.  No.  ftKft.122.  l2*U»m%.) 

Yrhfclr  Invalid  I .ill  Urvkf;  Olio  t Holetek  Mounted  to  4 t ai  doot  fi4ine,  40  appal  atu% 
t apt  hit  ot  tiAiiilemnx  ai»  iiwaIiiI  into  01  t*ul  ol  4 t4»  %caI  max  Ih-  eithei  mev It4im  ally  01 
h\  tli 4oltt  all\  poweted.  Il  it  not  ncteti4iN  lo  dull  httlr»  111  ihr  t 41  1 141m'.  the  deuce  max 
he  tpinklx  mtHinit  tt  and  remoted.  (Talent  Nt».  ft,9H5,ftH4,  Ot  I.  ft,  197b  tiled  June  17, 
197ft,  Appl.  No  ft»7.ftftft,  Ift  cUinu.) 

Wheel  tti  UiMliHtlluu  Cushion  Jody  A.  (iorun.  (\un|)«itinenlk  ot  411  and  tlu»d»  within 
the  t uthit*n  pi  oxide  4 %t»ll  4iu!  liable  Ivttr  Itti  the  patient.  ll  i%  iIaiiiii'iI  that  ihe  itabili/n'K 
It  atom  41 1 1*41  lit  ulatlx  iinpoitant  it*  leehlr  lubtettx.  An  overflow  chainhet  accept*  aiix 
leak  (Patent  No  ft.9Hft.ft*7.  0%  I ft.  1976;  liletl  Sept.  2ft,  197ft,  Appl.  No.  blh.lHft.  12 
t lanm  I 

W keek  ban « Roheit  H Hontteld.  Aiaignot  (o  kUitlu  tniimrettnx  l.inuletl,  SoutliAinpttin, 
t inland  A hxdtaulK  wheelthaii  atWkhment  4tl%  lo  lAiie  the  hack  end  of  a wheelchair, 
(hut  |*t  itnu tiMft  eatiet  riili4mi‘  4ml  nil,  Manuallx  updated  pump*  And  *electoi  V4lve* 
4it  im t*i|»tti4led.  (Patent  Nt».  ft,9Hft,ftH9,  thl.  12,  197h,  tiled  June  2ft,  197ft,  Appl.  Nt». 
ft99.79l.2l  tUimO 
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PROSTHETICS 

Ampulatiuni  Resulting  from  Electrical  Injury:  A Review  of  22  Case*.  Thomas  C.  LaBordc 
and  Robert  H.  Meier,  111;  Arch.  Phy!.  Med.  and  Rehab.,  59(3):  I34-1S7,  Mar.  1978. 

Comparison  of  Codes  for  Sensory  feedback  I vina  f lectrocutaneous  Fracking,  Andrew 
V.  J.  S/eto  and  John  Lyman;  Ann.  Bionted.  Engng.,  5:367-383.  1977. 

"Floibna-Swlrt"  lotal  Shoulder  Replacement:  Anatomical,  Biomechanical,  and  Suraical 
Rationale.  Frederick  F.  Buechel,  Michael  J.  Pappas,  and  Anthony  I . DePalmaJ.  Biomed. 
Mat.  Res.,  12:89-1 14,  1978. 

functional  Capabilities  of  Lower  Extremity  Amputees,  Bernice  Kegel,  Margaret  L. 
Carpenter,  and  Ernest  M.  Burgess,  Arch.  Phys.  Med.  &■  Rehab.,  59(3):  109  1 20.  Mar.  1978. 

The  Knud  Jansen  Lecture  Above-Knee  Prosthetics,  C.  W.  Radcliffc;  J.  International  Soc. 
Prosth.  Ik  Ortho.,  1(3):  146- 160,  Dec.  1977. 

Limb  Prosthetics  and  Orlhotics,  Report  of  a Workshop,  University  of  Miami,  April  1-3, 
1977;  Ortho.  & Prosth.,  31(4):  1-73.  Dec.  1977. 

A Modification  of  the  Porous  Below-Knee  Soft  Socket  Insert,  Arthur  Schrinhaus,  and 
(iustav  Rubin; Ortho.  & Prosth.;  S2(l):S-5,  Mar.  1978. 

New  Dimensions  for  Prosthetic  Socks,  Martha  Field;  Ortho.  Prosth.,  32(1):  10- 15, 
Mar.  1978. 

A Quick-Change  Ankle  Disconnect  for  a Below-Knee  Amputation,  Ernest  Baehr  and 
John  Simek ; Ortho,  fc  Prosth.,  S2(  1 ):S2-SS,  Mar.  1978. 

Videotape  Immediate  Playback:  A Tool  in  Rehabilitation  of  Persons  with  Amputations, 
Justin  Alexander  and  Ronald  Coodrich;  Arch,  I’hvs.  Med.  and  Rehab.,  59(3):  14 1-14?, 
Mar.  1978. 


ORTHOTICS 

The  Cast-Brace  Treatment  of  Femoral  Shaft  Fractures,  1).  Wardlaw;  ).  Bone  8-  Joint 
Surg.  (British  Vol.),  59-B(4):41 1 -4 1 7,  Nov.  1977. 

Clinical  Assessment  of  a New  Weight-Relieving  Brace,  E.  G.  Anderson,  P.  L.  Frank,  J.  T. 
Ilenshaw,  and  H.  G.  Rae;  J.  Bone  & Joint  Surg.  (British  Vol.),  59-B(4):439-446,  Nov. 
1977. 

The  Foot  and  Footwear,  P.  K.  Sethi;  J.  International  Soc.  Prosth.  &:  Ortho.;  1(3):  173, 
182,  Dec.  1977. 


197 


Bulletin  ol  Proithettc,  Reieatch -Spring  1978 


I hr  lot*  a knee  Ouhtuu,  IhuiaM  Mum.  H.uoltl  Mill*  i . |ohn  \lt>n*hi.  ami  llailt  * I , Itlit  k. 
Oitlio.  X Pto*ih  . 12(1  I 20  24.  Mat  1 9 78. 

I mill  Pioiihrlui  4iul  Oiihodu,  Kepoit  ol  a Woik*hop,  I m*ii*it*  «*l  Munn.  \|»nl  I 1, 

m;:.oriho  \ hmiii . ii(4)  i ;s.  !>«,  1977 

\ No*  Non  In*  an*  r Halo  Ottho*i*  foi  liiiiiintuliratioii  ol  the  ( ei*  it  al  Spine,  1 1 WiUoii, 

\ 1.  H.l.l|ip.|\  loll.  4Mtl  i»  Unit  tta.  Ortho.  X !‘io*th  . H « ( 1 1 It*  |»l.  M.U  l *J  ' S 

Pla*(i**  in  I o**o  I milt  Ortholio,  Waiten  \ (’alio**,  ami  Manut  I | Mtmitla.  Ot tin*  \ 
Pn%*0\  ,V2\\\  24  'i  \ . M.u  . I97S 


SURGERY 

1 omplnation*  ol  I rm  hanteri*  Iktcotornx  iii  loul  lli|t  Keplat  eiiieni . Il.itlan  l \m*iui  . 
•*  lit  I Siimm  Maki,  | Ho  n<  X lotitt  Sut  <. . c*0  214  .’I  . M.tt  H»78. 

I>i*ht*4litin*  after  loUl  !li|t  Rr  placement  \ithinpla*tie*.  l.eoi*t  I I o*iiiih1,  I t.  k l 
!«■'*»*.  Rnhattl  Un,  l liiiton  I loinpetr.  .iiitl  hi.iU  K.  /immettuaii.  I Horn  X |oint 
Sui#  . 60  VUM  21  7 J - I . Mai . H»78 

Poeterkir  Spine  Stabilisation  **iih  Me  thx  hurt  hat  i * late,  Hiotne*  ham*  al  lextiii*  ol  a Sui*i 
*al  Specimen,  Mauohat  M r.»n  i.«  l*t . William  lloppci.  \u*u*tu%  \ Whitt,  Ill,  ami  kit*tap% 
I.  ht  **i.  Spi«»t .2(4 1 -Ml  -4  7.  Iht  H*7  7. 

Hralta*  him  in  ttl  ihr  (neater  trochanter  in  I t*(al  llip  Keplat emeni  \ithropla*tx  \ No* 
lr«hnit|ur.  William  II  Ham*,  ami  Omai  |l  (toihct*.  | Rom  X |omt  Suit;..  60  \(21 
-I  I *214.  Mat  1978. 

SurKuat  treatment  of  Pre**uie  l iter*.  Stephen  1 llritn:  ami  Kolt«it  I Haulm*.  Vi*h. 
Hi\*  Mr, I Rrhah..  (.V»)  I*»S  200.  \pul  H»\S 

total  llip  Krplatrnmit  *«uh  ami  **iihoui  Otlroiom*  ol  thr  (treater  trochanter  Clinical 
ami  Rio  mechanical  Companion*  in  the  Same  Patient*.  II  farm  * W it  *man.  |i ..  Shchlon  R 
Simon.  1 1 rtlrru  k l l**altl.  William  II  Ihonia*.  ami  t'Umcitt  H M,  ,1**  . | Horn  X Joint 
Sut*.,  til)  \(2)  -’0.4  .Ml.  Mai  1978. 

Wouml  llralm*  After  \ input ation  Effect  of  Controlled  t it* iroiuur lit  Iceatment  \ Pie 
litu mar*  Stud*.  I meat  M.  Ilut*e*».  |.  Hone  X Joint  Sm*  . 60  \(’-M  *.’44  24  \ M.u.  |978. 


SENSORY  AIDS 

\ Conipari»t  n of  Hearing  Aid*  **i(h  Amplitude  Compreuuon.  Igor  \ . Nahclck  ami  lau\ 
N.  Hobmell.  ; Aiitliol..  16  74  84.  1977. 

\ n* ironmental  Motlifir at  ion*  for  Ihe  \ isuall*  linpaiietl  \ fla  ml  h**ok.  Jt»hn  Hum  an. 
Calaxha  (u»h.  Mat*  Ellen  Mulhollaml.  ami  Ucx  I owim  ml.  I \ i*.  Impau.  X Hlimtnos. 
71(101  441  444.net.  1977. 
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Publications  of  Interest 


Intrragencv  Cooperation  in  an  Adult  Diicuiiion  Group  for  Visually  Impaired  Older 
People,  Donna  I him  non  and  Marla  Long;  J.  \ is.  Impair,  and  Blindness.  72(1):  15-19, 
Ian.  1978. 

A Nonlinear  Receptive  Field  Model  ol  the  Visual  System,  lomozo  Furukawa  and  Shiro 
llagiwata.  If  f I I tans.  Kiotned.  Fngng.,  BMP  25(l):76-83,  Jan.  1978. 

I he  Relative  Importance  ol  Recovery  lime  in  Compression  Hearing  Aids,  II.  C. 

s.  h vs c 1 1 / 1 r and  t..  1).  Causes  . Audiol.,  16.61-72,  1977. 

I he  l se  ol  Mvoelec  trie  feedback  in  leaching  facial  Expression  to  the  Blind.  Colleen 
U ebb.  Bio(c-«-dl»ai  k and  Sell  Regulation,  2(2)  147-160,  1977. 


GENERAL 

\ input  at  ion  Surgerv  in  the  lower  Extremity  Part  II.  (..  Murdoch;  J.  International  Soi. 
Prosth.  K Orth..  1(3)  183-192.  Dec.  1977. 

I he  Basic  Kinematics  ol  the  Human  Spine.  A Review  of  Past  and  Current  Knowledge. 

Xugustus  A.  White.  HI  and  Manohar  M.  Panjabi.  Spine,  3(  1 ):  1 2-20.  Mar.  1978. 

Broadliand  Pulsed  Doppler  l Itrasonic  System  for  the  Noninvasive  Measurement  of  Blood 
\ elocity  in  Large  Vessels,  f.  ).  1 hompson;  Med.  & Biol,  fcngng.  & Comput.,  16:135-146. 
Mar.  1978. 

Cane  lechni<|ue  Modify  ing  the  /ouch  Iechni<|ue  for  full  Path  Coverage.  .Mark  M.  Csfan; 
J.  V is.  Impair  & Blindness.  72(  1 ):  1 0- 14.  Jan.  1978. 

Comparison  of  a Dynamic  and  Steady -State  Model  for  Determining  Nerve  Fiber  Thresh- 
old. David  A.  leu  her  and  Donald  K.  Me  Neal;  IEEE  I ranv  Biomed.  Fngng..  B.ME-25(1): 
105  107,  Jan.  1978. 

Dual-Channel  Audio  Monitor  for  Distinguising  Action  Potentials  from  Two  Different 
Sources,  Andrew  I).  McClellan  and  Christopher  S.  Cohan;  Med.  &•  Biol.  Fngng.  He  Comput., 
16:203-206.  Mar.  1978. 

Energy  Cost  of  Ambulation  in  Health  and  Disability:  A Literature  Review,  Steven  V. 
fisher  and  Glenn  Gullickson,  Jr.;  Arch.  Phvs.  Med.  K Rehab.,  59(3):  1 24- 133,  Mar.  1978. 

factors  Influencing  Manual  Muscle  Tests  in  Physical  Therapy  The  Magnitude  and  Dura- 
tion of  Force  Applied,  James  A.  Nicholas,  Alexander  Sapega,  Ham  Kraus,  and  Joseph  N. 
Webb;  J . Bone  &.  Joint  Surg.,  60- A( 2) : 1 86- 1 9 1 . Mar.  1 978. 

Graphical  Analy  sis  of  Forces  Acting  I'pon  a Simplified  Model  of  the  f oot,  G.  Veres;  J.  In- 
ternational Soc.  Prosth.  &■  Orth..  1(3):  161-1  72,  Dec.  1977. 

Hand  Controls  and  Assistive  Devices  for  the  Physically  Disabled,  Mcnahcm  Less,  Edward 
C.  Colverd,  John  J.  Dillon,  Judy  Young;  Human  Resources  Center,  Albertson,  N.Y.  1 1507, 
1977. 
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An  liulrMHM  lo  Mcrniir  Culanrous  Blood  Hon  l oiik  (hr  Ihippln  Shift  of  U>n  |.i«ht. 

Drums  Vlalk.ui>  ami  Allrn  llolloiras . Jr.;  IP.P.P.  ham.  Bioinrd.  f iiKnt  BMP  -1(11 
28-34. Jan.  1978. 

kinruulum  »l  ihr  1 ransplanird  Musrk.  M .Mussrn,  tin  Homy  op.  din.  Nrutophi  xol 
I 7 411-16:.  1977. 

A Manually Opcratol  Portahk  Stairs  lim  bine  Mhrrkhair.  Mannar  N.  Bicaiky.  | Bio 
run  mi..  I 418-418.  Sept.  1977. 

Modifkaltons  of  a Marl-arm  Bu<x>  Major  for  Orthopardis  Srai  Inarm,  Pdtsaid  I Bail*  i . 

Ortho.  A t*r oath. . 82(  I ) 1.-9.  Mj,.  1978 

On  a I hrrr  I ink  Moalrl  ol  ihr  Dmamiai  of  Siandinn  l p and  Silling  Ihiaan.  II.  Ilrmaini 
and  \ nai  l I an.  a II 1 1 ham  Si  sirms,  Man.  A Cs  brtnrtus.  SMC  8(2)  |I1-1‘>|  | , 
1978.  * ' 

Orthoalalir  Hypotension  in  \mpulrrs  and  Suhjr.ts  mlh  Spinal  Cord  Injurirs,  \ Shorn 

Irld,  1 Shapiro.  A Ohrs  , \ Irn.K  Ida V llion.  K Roam,  and  4 . Sohar.  Arrh. 

Ph>>.  Nlrd.  A Rrhah.,  10(81  188-140,  Mai.  1878. 

P«  a hologiral  Consideration.  in  Ihr  Adjuitmrnl  (o  Spinal  laird  Injun.  I ho  mat  1). 
Slraaart.  and  Alain  B Hono  r Rrhah.  I n..  89(8)  7.1-80.  Mai.  1978. 

Krhahiliialion  Outromr  of  Patirnls  ssilh  Dual  Disability  ol  Hrmiplruia  and  Amputation. 

t »eor Rr  Vanshrsr,  Cathrrinr  llinlrrbu. hurl.  Philip  Moudall.  and  |oM  Sakurna;  Arrh  Phis 
Mol.  A Rrhah..  .19(81:121-125,  Mar.  1978. 

Srxual  Adjust  moil  of  Spinal  Cord  Injurrd  Yrlrrans  Idling  in  ihr  Community . Amir  II. 
Brrkman,  Rar  llrissman,  and  Maxwrll  II.  Krirlirh;  Arrh.  Phis.  Mrd  A Rrhah  19  -9-88 
lan.  1978. 

I lurr  Dimrnsioiul  Work  Sparr  of  thr  Amputrr.  Carolyn  h Ro/irr,  Human  Parlors 
1916)121-133.  1977. 

I'ltrastrunural  Changers  of  Ihr  Hark  Musrlrs  of  Idiopalhir  Sroliosis,  V.  0.  Wong, 
A.  C.  M.  C.  Vau.  W.  1).  Loir,  and  P.  P.  Lisoivski;  Spinr,  2(4) : 21 1 -219,  lire.  1977. 

Mhrrkhair  Cushion  P.ffrrt  on  Skin  Irmprralurr.  Slnrn  V.  Pishrr,  Ihomas  t.  S/imkr, 
Sunanda  Y.  Aptr.  and  Nlirharl  Kosiak.  Arrh.  Phis.  Mrd.  A Rrhah.,  19:68-72.  Prh.  1978. 
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CALENDAR  OF  EVENTS 

ltd  Conference  on  Material,  for  Use  in  Medicine  and  Biology,  Mechanical  Properties  of 
Biomaterial, , Keclc  University,  Kcclc,  Staffordshire.  U.K.  Sept.  13-15,  1978.  Bioceramic, 
Symposium  Sept.  16.  (For  information:  Dr.  G.  W.  Hastings,  Bio  Medical  Engineering 
Unit,  c/o  Medical  Institute,  Ilartshill,  Stoke-on-Trent,  Staffordshire  ST4  7NY,  England.) 

National  Rehabilitation  Association,  1978  National  Conference,  the  Salt  Palace  Salt  I akc 
City,  Utah,  Sept.  23-27,  1978. 


31st  Annual  Conference  on  Engineering  in  Medicine  and  Biology  (ACEMB)  Marriott 

<;tor«ia-  °ct-  21-25.  I9™-  (For  information:  Patricia  I.  Horner,  Suite 
404,  4405  East-West  Highway,  Bethesda,  Mary  land  20014;  tel.  301-657-4142.) 

American  Society  of  Biomechanics,  Second  Annual  Meeting,  University  of  Michigan,  Ann 
Arbor,  Michigan,  Oct.  26-27,  1978.  (For  information:  Albert  Schultz,  Materials  Engineer- 
ing, University  of  Illinois  at  Chicago,  Box  4348,  Chicago,  III.  60680.) 

American  Academy  of  Physical  Medicine  and  Rehabilitation  and  American  Congress  of 
Rehabilitation  Medicine  Convention,  New  Orleans,  l.a.,  Oct.  29-Nov.  3,  1978. 

nP*iC^n!>vCiC,a  °f  Amcrica  (OSA)-  Annuil  M«‘ing.  jack  far  Hotel,  San  Francisco,  Calif., 

620  20007*  ’ L I®'  Lto:  ,nf0rTna,i°n:  W-  J-  «uin"-  OP^al  Society  of  America,  Suite 
620,  2000  I.  St.,  N.W.,  Washington,  D.C.  20036.) 

American  Orthotic  and  Prosthetic  Association  (AOPA),  National  Assembly,  Town  & 
Country  Hotel,  San  Diego,  Calif.,  Oct.  31-Nov.  4,  1978. 

American  Speech  and  Hearing  Association  (ASHA),  San  Francisco,  Calif.,  Nov.  18-21, 


Acoustical  Society  of  America,  Honolulu,  Hawaii,  Nov.  26-I)ec.  1,  1978. 

American  Society  of  Mechanical  Engineers  (ASME)  Winter  Annual  Meeting,  San  Fran- 
cisco, Calif.,  Dec.  10-15,  1978. 


5th  Asian  Conference  on  Work  for  the  Blind,  Hong  Kong,  Dec.  1978.  (For  information. 
World  Council  for  the  Welfare  of  the  Blind,  58  Avenue  Bosquet,  Paris  75007,  France.) 


International  Association  for  Prevention  of  Blindness  Conference.  Kyoto,  Japan,  1978. 
(For  information:  Dr.  W.  J.  Holmes,  1013  Bishop  St.,  Honolulu,  Hawaii  96813.) 


Rehabilitation  International  Medical  Commission,  4th  International  Seminar,  Southamp- 
ton  United  Kmgdom,  1978.  (For  information:  Prof.  Dr.  Karlheinz  Rcnkcr,  Gescllshaft  fur 
Rehabilitation  in  der  DDR,  Harz  42-44  Halle  (Saalc),  German  Democratic  Republic  ) 


American  Academy  of  Orthopaedic  Surgeons  (AAOS),  Annual  Meeting,  Brooks  Hall  Con- 
vention Center,  San  Francisco,  Calif.,  Feb.  22-27,  1979. 
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Xmcruan  Ot  t opal  tonal  Ihciapx  iation.  Vnmi.il  tiMilcrniir,  Hot.  I,  |)i  tioit. 

Mulligan,  \pnl  JJ  J 7.  I‘»  *»  (lot  inloimation  Montx  Hi.  ks  at  ( SOI)  7 70  JJ00.) 

t»th  PanP.mlu  ( onlnnu » oh  Rehabilitation.  Seoul,  Repuhli.  ol  koiea.  \pn|  J J J 7 , 
l*»7‘»  ( I oi  mloiin.ilion  l‘\  ung  h Moon.  M.l>  . Piewdent.  koteati  Stmelx  lot  Kehahili 
latum  ol  tin  Ihs.ihh  tl,  | p*  S.iii,  Suit  Itotig  dong.  Sudacmoon  ku,  Seoul.  Kou  4.) 

lllh  Inlet iulitni.il  Hiomalctiak  S\ntpo»ium  in  ( >Mi|imt lion  with  the  %ih  Annual  Meeting 
of  l he  Soiirh  til  Hiomalcriak.  (huHon  I’tuxeiwtx,  (lleutwin,  Souili  (l.tinlina  JOhSI, 
Vpi il  JS  M.ix  I.  I »>:»!. 

Hitunet  h*:iic%  S\ mpo%iiint  in  connection  uilh  ihe  \SMI  1979  Summer  \|t|>lir<l  Met  han 
it  %/llioe ngincci ins/ 1 luitU  ingincering  Clonfereiue  ((  o-%pniiMiird  l»\  tin  l laiiadtati  Sot  it  in 
Ioi  Mtth.iim.il  I ngim  . ung).  Ni.igat  a I .ills.  New  Yoik.  |une  IS  JO.  1070.  (|„,  mioim.i 
turn  Mhctt  II  St  hull/,  l imt  iMix  ol  lllitinw  .it  (Imago,  Dep.u  intent  ol  Manuals  I- ngi 
ihtiiiic,  lit » x I S-I.H,  ( lut  ago.  Illinois  I * 0<»  SO. ) 

Mill  (!onitrr»  of  Ihe  World  Federation  til  Ihe  Deal.  Varna.  Iltilgatia.  June  JO  Jo.  107*1. 
(lot  tnlmni.ition  Sttiti.in.il  (•enetal,  l nion  ot  tin  Deal  ol  Itulgaiia,  S lit!  I I /.ium>\, 
Solt.i,  llolgana.) 

American  I'hxsical  I herapx  Vssociation,  Annual  Conference,  Vtl.mt.i,  I •Votgia,  |une  J.r» 
JO,  1070. 

•Mh  World  Clonfereiue  tm  Ihe  Iheorx  of  Machines  4 ml  Mechanisms.  Montn.il.  C.m.itl.i. 
Jul\  S IS.  1070.  ((I4n.i1h.1n  Count  tl  o|  tin  lntetn.ttion.il  federation  t*l  Iheorx  ot  M.i 
t hints  .in. I Met  hattisiits,  in  t oopei.ition  with  the  ( St  |(I,\(M.| 

tith  Wtirltl  Aoemlih  t»l  the  World  (louneil  for  (he  Welfare  til  the  liliml,  h.ulun.i.  Nigena, 
Oet.  S 1 J,  1070.  ( I t *1  inloiui.ition  WtlW'li,  ‘*S  Axenue  Ros.juet,  Paris  75007,  Iiatne.) 

Optie.il  Soeietx  t»l  America  (OS A),  Annual  Meeting,  Holnl.ix  Inn/ Atneiit  .111.1  flagship 
Hotel,  Km  liestei , New  Ntuk.Oti.  7- 1 J,  1070. 

American  Orthotit  ami  Prosthetic  Association  (AOPA),  National  Assemlilx . \\  .ishington, 
O.C..Oel.  JS-J7,  1070. 

Ameriean  Aeatleim  of  Phx  steal  Metlieine  ami  Kehahilitation  ami  American  Congress  of 
Rehabilitation  Medieine  Convention,  Honolulu,  Il.tw.iit,  Non.  11  lit,  1070. 

American  Speech  and  Hearing  Association  (ASHA),  Annual  Meeting,  Vtl.mt.i,  Ceoigia, 
Nov.  15-18,  1070. 

American  S«niet\  of  Mechanical  Fnginerrs  (ASMH),  Winter  Meeting,  New  Yotk,  N.Y., 
Non . J.VS0.  1070. 

Acoustical  Soeietx  of  America,  Salt  l ake  ( lit \ . I’tali,  Non.  Jfi  SO,  1070. 

Srd  International  Congress  on  "improving  the  Qualitx  of  l.ife  of  the  Handicapped  with 
Assistive  Devices,"  C.S.A.,  Non.  1070.  (lot  mloniiatitm:  Wtuld  Yeteians  Ledetatton, 
lit  Rue  ll.imeliii.  Pari*.  I ram e.) 
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Calendar  of  Events 


2nd  International  Symposium  for  Facial  Proslhrws,  Kurland,  1979.  (Note:  this  is  the 
tentative  re-scheduling  ol  a meeting  amunmeed  tor  May  4-6,  1978,  and  cancelled.) 

American  Corrective  therapy  Association,  Annual  Meeting  Portland,  Oregon,  1979. 
(for  information:  Dept,  of  Corrective  Iherapy,  Dr.  Oral  Mathison,  Chief,  VA  Hospital, 
Battle  Creek.  Michigan,  tel.  (616)  372-3281.) 

Latin  American  Association  for  Rehabilitation  Medicine  (AM1.AK)  Ouatemala,  1979. 

American  Occupational  I herapy  Association,  Annual  Meeting,  Denver,  Colorado,  1979. 

American  Academy  of  Orthopaedic  Surgeons  (AAOS),  Atlanta.  Ccorgia,  Feb.  7-12, 
1980. 

World  Biomaterials  Congress,  Baden/Vienna,  Austria,  April  8-12,  1980.  (for  informa- 
tion: Society  lor  Biomatcrials,  6220CuIcbra  Road,  San  Antonio,  Texas  78284.) 

8th  International  Congress  of  the  International  Federation  of  Physical  Medicine  and 
Rehabilitation,  Stockholm,  Sweden,  May  1980.  (For  information:  International  Fed- 
eration ol  Physical  Medicine  and  Rehabilitation,  Zonhove  70  Nieuwstraat,  Son,  the 
Netherlands.) 

14th  World  Congress  of  Rehabilitation  International,  Winnipeg  Convention  Centre,  Winni- 
peg, Canada,  June  22-27,  1980.  (For  information:  14th  World  Congress  ol  Rehabilitation 
International  c/o  Canadian  Rehabilitation  Council  for  tin*  Disabled,  Box  1980,  Winnipeg, 
Manitoba,  Canada  R3C  3R3.) 

American  Speech  and  Hearing  Association  (ASHA),  New  Orleans,  I. a.,  Nov.  5-9,  1980. 

International  Society  for  Prosthetics  and  Orthotics  (ISPO),  the  Netherlands,  1980. 

4th  World  Congress  of  the  International  Rehabilitation  Medicine  Association,  Stockholm, 
Sweden,  1980.  (For  information:  International  Rehabilitation  Medicine  Association, 
Cl  I-  73 10  Bad  Ruga/,  Switzerland.) 

(Tentative)  American  Orthotie  and  Prosthetic  Association  (AOPA),  National  Assembly, 
Toronto,  Ontario,  Canada,  1980. 
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AAAS  \<v  American  Association  for  the  Advancement  of  Science 
Above -Elbow  Pros  theses 

Above  Elbow  Prosthesis  Control  (Sitheonseious  Control  via 
“Extended  Physiological  Proprioception”)  Contractor  Reports 
(Northwestern  University)  10-27(128)  10-28(135) 

Atmospheric  Pressure  Suspension  Systems  for  Above-Elbow 
Amputees.  Contractor  Reports  (Northwestern  University) 
10-27(129) 

Control  of  an  Artificial  l.imh  with  Several  Degrees  of  Free- 
dom. Contractor  Reports  (University  of  California,  1. os  Ange- 
les) 10  27(  I 29-132)  10-28(139-140) 

Design  ol  a Powered  Ann  for  Shoulder  Disarticulation  Ampu- 
tees. Contractor  Reports  (Northwestern  University) 

10-28(135) 

Hie  l.N.A.J.E.  Experience  Kitting  Upper-l.inih  Dysmelia  l’a- 
tients  with  Myoelectric  Control:  llannes  Selunidl 
10-27(17-42) 

A Multiluuetion.il  Prosthesis  Control  System  Based  on  Time 
Series  Identification  of  KMC  Signals  Using  Microprocessors: 
Daniel  Craupc,  Alosius  A.  M.  Beex,  William  J . Monlux,  and  Ian 
Magnusseu  (Colorado  State)  10-27(4-10) 

Above -Knee  Prosthcses 

Hydraulic  Knee -Control  System  for  Ceriatric  Amputees.  Con- 
tractor Reports  (Mattel)  Laboratories)  10-27(122-123)  10-28 
(134) 

Positive-Locking  Knee/Shank  Assemblies,  Testing  (VAPC  Re- 
search Report)  10-27(1  17-1  IS  ilhist.) 

Acceleration  ol  Bone  Healing  In  Electrical  Stimulation 

Contractor  Reports:  Ocorgc  Van  B.  Cochran.  VA  Hospital, 
Castle  Point,  New  York,  and  Helen  Hayes  Hospital,  Biome- 
chanics Unit,  West  Havcrstraw,  New  York  10-27(157-158) 
10  28(1  79  180) 

Acoustical  Society  of  America 

Meeting.  Calendar  of  Events  1 0-27(2  Hi.  2 1 7)  1 0-28(284) 
Actuator  Device  for  Artificial  Leg 

Recent  Patents:  John  L.  Burch  10-27(208) 
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Adapted  VAPC  Hospital  Environmental  Control  System  for  Home 
Use 

VAPC  Research  Report  10-28(100) 

Adaptive  Automotive  Equipment 

Adaptive  Automotive  Hand  Controls,  Compliance  Testing 
(VAPC  Research  Report)  1 0-27(  I 1 8- 1 1 9) 

Advanced  Automotive  Adaptive  Equipment,  Development, 
and  Evaluation.  Contractor  Reports  (Texas  A&M  University) 
10-27(149-154) 

Adidt  Powered  Tricycle 

VAPC  Research  Report  10-28(1 13) 

Advanced  Automotive  Adaptive  Equipment,  Development,  and 
Evaluation 

Contractor  Reports:  Make  McDermott  Jr.,  and  Lewis  A. 
Leavitt.  Texas  A&rM  University,  College  of  Engineering,  Col- 
lege Station,  Texas  10-27(149-154) 

Driver  Evaluation  Device  10-27(154) 

Secondary  Controls  Panel  10-27(154) 

Testing  and  Evaluation  of  Driver  Control  Systems 
10-27(151-152) 

Testing  and  Evaluation  of  Wheelchair  Restraints  10-27(153) 
Wheelchair  Lifts  10-27(149-151) 

Wheelchair  Restraint  1 0-2 7(  1 54) 

Work  Accomplished  in  Contract  Year  10-27(152) 

Advanced  Orthotic  Devices  for  Adult  Paraplegics,  Research  and  De- 
velopment Project 

Contractor  Reports:  Martin  T.  Prast.  Prast  Research  Associ- 
ates, Grand  Island,  New  York;  and  Lawrence  E.  Carlson.  Uni- 
versity of  Colorado,  School  of  Engineering,  Boulder,  Colorado 
10-27(169-172)  10-28(195) 

Goals  for  the  Future  10-27(171-172) 

— The  PACO  Concept  (Pivot  Ambulating  Crutchless  Orthosis) 
10-27(169) 

— Present  State  of  Effort  10-27(169-171) 

Aids  to  Daily  Living 

— Bailey  111  Cushion  Grip  Tape.  VAPC  Research  Report 
10-28(125-126) 

— Urinal  Bag  Clamp.  Contractor  Reports  (University  of  Califor- 
nia, Berkeley)  10-27(136)  10-28(151-152) 

— Winsford  Feeder.  VAPC  Research  Report  10-28(126-127) 
see  also  Manipulators 

Aids  to  the  Blind 

Check  Writing  Guide.  Recent  Patents  10-27(208) 

Paper  Money  Identifier.  Recent  Patents  10-27(209) 
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A Preliminary  Followup  Study  >>l  Electronic  I ravel  Aid  l si  ts: 

N.  C.  Darling,  Cl.  1..  Coodrich,  and  J.  K.  Wiley  (Western  liliiul 
Keltalrililaiion  (.'enter)  ) 0-27(82-9 1 j 
l.ucheck  Lighted  Cane  10-27(197) 

Suipas  (ilucose  Analy/cr  10-27(197)  10-28(2:11-2:52) 

Speech -plus  Talking  Calculator  10-27(198) 

See  also  Mobility  Aids,  Reading  Machines 
The  Alexander  ( iraham  Hell  Association  lor  the  Blind 

Biennial  Convention.  Calendar  o!  Hu  nts  10-28(204) 

American  Academy  of  Orthopaedic  Surgeons 

Annual  Meeting.  Calendar  ol  T.vents  10-27(217)  10-28(205, 

266) 

American  Academy  of  Physical  Medicine  and  Rehabilitation,  and 
American  Congicss  of  Rehabilitation  Medicine 

Convention.  Calendar  ol  Kvents  10-27(216,  217,218)  10-28 
(265. 266) 

American  Association  for  the  Advancement  of  Science 

A A AS  Project  on  the  Handicapped  in  Science  Employs  Cheryl 
A.  Davis  and  Receives  $185,000  in  Crams.  Notes  and  News 
10-28(248) 

144th  National  Meeting.  Calendar  ol  T.vents  10-27(217) 

American  Congress  ol  Rehabilitation  Medicine  see  American  Acad- 
emy of  Physical  Medicine 
American  Corrective  I herapy  Association 

Annual  Meeting.  Calendar  ol  T.vents  10-28(264) 

American  Occupational  Therapy  Association 

Annual  Conference.  Calendar  ol  T.vents  10-27(21 6) 

10-28(265) 

American  Orthopaedic  Association 

Annual  Meeting.  Calendar  of  T.vents  10-28(264) 

American  Orthopaedic  Toot  Society 

Annual  Meeting.  Calendar  of  T.vents  10-27(2  1 7) 

American  Orthotic  and  Prosthetic  Association  (AOPA) 

National  Assembly.  Calendar  of  T.vents  10-27(216,  217,  218) 

10-28(265,266) 

American  Physical ’Therapy  Association 

Annual  Conference.  Calendar  ol  T.vents  10-28(265) 

American  Society  of  Mechanical  Engineering 

Winter  Annual  Meeting.  Calendar  ol  Events  10-27(216,  217, 

218)  10-28(265,266) 

15th  Biennial  Mechanisms  Conference.  Calendar  of  Events 
10-28(265) 

American  Speech  and  Hearing  Association 

Annual  Meeting.  Calendar  of  Events  10-27(216,  217)  10-28 
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(265,  266) 

Amigo  Motorized  Wheelchair 

VAPC  Research  Report  10-27(107-108) 

Amptitalioii  Level 

I'lte  Importance  of  Amputation-Level  Determination.  Guest 
F.ditorial:  Wesley  S.  Moore  10-28(1-11) 

1 evision  Amputation  Study.  Contractor  Reports  (Prosthetics 
Research  Study)  10-28(15(1) 

Studies  ol  Skin  blood  Flow  as  Related  to  Amputation  Level. 
Contractor  Reports  (Prosthetics  Research  Study)  10-28(155) 
Xenon  155  Testing.  Contractor  Reports  (Prosthetics  Research 
Study)  10-27(159-140) 

Amputee  Discussion  Groups 

Contractor  Reports  (Prosthetics  Research  Study)  10-27(158) 
Amputee  sec  Lower-Limb  Amputees 
Amputee’s  Manual  . . . Mauch  S-N-S  Knee 
Notes  and  News  10-28(251) 

“ . . . And  1 Say  to  You  Tonight  That  the  Time  for  Discrimination 
Against  the  Handicapped  . . . is  Over” 

Notes  and  News  10-28(249-250) 

Ankle  Joints 

Artificial  Foot  with  Ankle  Joint.  Recent  Patents  10-27(208) 
Nitchke- I'indall  Ankle  Rotator.  VAI'C  Research  Report  10-28 
(94-95) 

See  also  Hydraulic  Ankle  Control 
APRL  Voluntary  Closing  Hook  (Compliance  Testing) 

VAI'C  Research  Report  10-27(1  17) 

Articulated  Master  Slave  Manipulator 

Recent  Patents:  Carl  R.  Flatau  10-27(208) 

Artificial  Foot  with  Ankle  Joint 

Recent  Patents:  Werner  Haupt  10-27(208) 

Artificial  I land 

Recent  Patents:  Kino  Pihlaja  10-28(257) 

Artificial  Limb  With  Three-Part  Cosmetic  Covering 
Recent  Patents:  Herbert  Thompson  10-28(257) 

Artificial  Limits 

Permanently  Attached  Artificial  Limits.  Contractor  Reports 
(Southwest  Research  Institute)  10-27(165-168)  10-28(188- 
191) 

Research  and  Development  in  the  Field  of  Artificial  Limits. 
Contractor  Reports  (Mauch  Laboratories)  10-27(121-126) 
10-28(152-154) 

Hydraulic  Ankle  Control  System  10-27(121-122)  10-28(152- 
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Hydraulic  Knee  Control  System  lor  (leriatric  Amputees 

10-27(122-123)  10-28(134) 

New  riiree-l’art  Knee  Bolt  Design  10-27(123-126)  10-28(134) 
See  also  Prosthescs,  Prosthetics 
Artilie ial  Wrist  and  Arm  Prosthesis 

Recent  Patents:  Edward  1 Ion ath  1 0-28(257) 

Asian  Conlcrcncc  on  Work  lor  the  Blind 

-r» th  Conlerenee.  Calendar  of  Events  10-28(265) 

ASM!.  Honors  Eugene  F.  Murphy  with  Flection  to  Crude  ol  Fellow 
Notes  and  News  10-27(203-204) 

ASMF  see  American  Society  ol  Mechanical  Engineering 
Audible  Outputs  of  Reading  Machines  for  the  Blind,  Research  on 
Contractor  Reports:  Franklin  S.  Cooper,  Jane  11.  Caitcnby, 
Frances  Ingcmann,  Ignatius  C.  Mattingly,  Patrick  W.  Nve,  and 
I.inda  Shoikey.  Haskins  Laboratories,  New  Haven,  Connecti- 
cut 10-27(185-187)  10-28  (also  Andrea  Levitt)  (225-226) 
Development  of  Rules  with  the  FOVF.  Program  10-27(185) 
10-28(225-226) 

Introduction  10-27(185)  10-28(225) 

Other  Experiments  on  Duration  10-28(227) 

Research  Synthesis  by  Rule  10-27(186)  10-28(226) 
Segmental  Cues  10-27(187)  10-28(227-228) 
temporal  Variation  and  Speech  Synthesis  10-27(186) 
10-28(226-227)  ' 

Ausmus  Motor-Stand 

VAPC  Research  Report  10-28(1  14) 

Automotive  Adaptive  Equipment 

Adaptive  Automotive  Hand  Controls  (Compliance  Testing). 
VAPC  Research  Report  10-27(1  18-1  19) 

Development  and  Evaluation  of  Advanced  Automotive  Adap- 
tive Equipment.  Contractor  Reports  (Texas  A KM  University) 
10-27(149-154)  • 

Driver  Evaluation  Device.  10-27(154) 

Testing  and  Evaluation  of  Driver  Control  Systems 
10-27(151-152) 

Wheelchair  Restraint  (Carrier  Lock  Automatic  Mechanism 
for  Tlcgics’  CLAMP).  10-27(154) 

1M) ' a ^oar<l  *'oad°r>  VAPC  Research  Report  10-28(122- 

Wheelchair  Carrier.  VAPC  Research  Report  10-28(123- 

Mann’s  E-Z  Way  Chair  Lift.  VAPC  Research  Report  10-28 
( 1 24-1 25) 
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Povvct  Car  Door.  VAI‘1!  Research  Report  101*7(1  Hi) 

Volvo  Driving  System.  VAPC  Research  Report  l<)-27(  I Hi) 
Automotive  Driving  Aids see  Automotive  Adaptive  Ki|iiipmcnt 
Axial  Rotation  Shank  with  Inclined  Rotation  Axis:  Hypothesis 
Proven  Correct  (illust.) 

Contractor  Reports  (UC1.A)  1 0-28(  1 48- 1 5 1) 

Bailey  111  Cushion  (irip  t ape 

VAPC  Research  Report  1 0-28(  1 25-1 2ti) 

Ber  k,  Lucille 

1 he  Development  ol  Improved  lcchnii|iics  tor  the  Analysis  ol 
Hearing-Aid  Performance.  Contractor  Reports  (University  of 
Maryland)  10-27(191-1%)  10-28(235-2118) 

Becker,  Robert  (). 

Lv ablation  ol  Klectrical  I'cchniqucs  lor  Stimulation  ol  Hard 
I issue  Crovvth.  Contractor  Reports  (VA  Hospital,  Syracuse, 
N.Y.)  10-27(180-184)  10-28(224  no  report) 

Bed 

Blair  Bed.  VAPC  Research  Report  10-28(1  15-1  Hi) 

Bccx,  Alosius  A.  M. 

A Multilunetion.il  Prosthesis  Control  System  Based  on  lime 
Series  Identitication  of  KMC  Signals  Using  Microprocessors. 
Colorado  State  University  10-27(4-10) 

Bejed  Light  Probes  Kv ablated 

Contractor  Reports  (Central  Rehabilitation  Section  for  Yisu- 
ally  Impaired  and  Blinded  Veterans)  10-28(230-231) 

Bel, Jean  Pierre  Louis 

Orthopaedic  Appliances.  Recent  Patents  10-27(209) 

Below  Klhovv  Prosthesis 

Below-Klbow  Myoelectric  Kitting  lechniques.  Contractor  Re 
ports  (Northwestern  University)  10-28(130) 
sec  also  Wrist  Disarticulation  Prostheses 
Below  Klhovv  Sockets 

Northwestern  University  Below-Klbow  Socket.  Contractoi 
Reports  (Northwestern  University)  10-27(129) 

Below-Knee  Amputation  with  Immediate  Postoperative  Kitting  of 
Prosthesis 

Contractor  Reports:  Wesley  S.  Moore,  Albert  D.  Hall,  and 
Leigh  A.  Wilson.  (VA  Hospital,  San  Francisco,  California) 
10-27(142  no  report)  10-28(  156  no  report) 

Below  Knee  Prostheses 

Compression  Sheath  for  Below-Knee  Amputated  Limbs.  Re- 
cent Patents  1 0-27(208) 

Lightweight  Below-Knee  Prosthesis.  Contractor  Reports 
(Northwestern  University)  10-27(128-129)  10-28(137-138) 
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Modular  Pylon  Structure  lor  Bclow-Knee  Prosthescs.  Contrac- 
•or  Reports  (l'nivcrsit\  ol  California,  Berkeley)  10-27(133) 
10-28(146) 

SAt-l  I l oot  with  Metal  Keel,  Contractor  Reports  (l  ni\ersit\ 
ol  California,  Berkeley ) 10-27(  1 ;t;t- 1 34)  1 0-28(  146-147) 

A Study  ol  Interlace  Pressures  in  the  Below  Knee  Prosthesis 
(Pin  siological  Suspension)  an  Interim  Report:  Fattest  M. 
Burgess  and  A.  James  Moore  10-28(58-70) 
l Itraligltt  Helow  -Knee  Prosthesis.  Contractor  Reports  (Moss 
Rehabilitation  I lospital)  1 0-2 7(  1 76-1  79)  10-28(2  1 8-2  1 9) 
Bennett,  I. eon 

Slipping  Cane  and  Cruteh  lips  Part  I Statie  Performance  of 
Current  Devices  10-28(71-90) 

Stump  Stress  Analysis.  Contraetor  Reports  10-27(126  no 
report)  10-28  (184  no  report) 

Bennett,  Richard  R. 

, Clinical  Application  Study  of  Reading  and  Mobility  Aids  for 

the  Blind.  Contractor  Reports.  (Western  Blind  Rehabilitation 
Center)  10-28(292-235) 

Bennett,  Robert  1... Jr. 

W on  PCI\ 1 1 “Physician  of  the  Year"  Award  for  1977.  Notes 
and  News  10-28(244-245) 

Bennett,  Robert  S. 

Wheelchair-Mounted  Control  Apparatus.  Recent  Patents 
10-27(210) 

Bilocal  I.ens  Which  Positions  Within  the  Anterior  Chamber 
Recent  Patents:  Charles  W.  Neele  10-28(257) 

Biomaterials 

Maxillofacial  Restorative  Materials  and  techniques.  Contrac- 
tor  Reports  (Temple  Cniversitv  School  of  Dentistry)  10-27 
(161-165)  10-28(182-188) 

Orthopedic  Implant  Device  Retrieval  and  Analysis.  Contrac- 
tor  Reports  (VA  Hospital,  New  Orleans,  La.)  10-27(179-180) 

1 0-28(2 1 9-224) 

Blair  Bed 

VAPC  Research  Report  10-28(1  15-1  16) 

Blinded  Veterans  Association 

33rd  Annual  Convention.  Calendar  of  Kvents  10-28(264) 

Blood  Flow 

Hemodynamic  evaluation  ol  Postoperative  and  Preopeiative 
Amputees.  Contractor  Reports  (Castle  Point.  N.Y.,  VA  Hos- 
pital) 10-27(158-161)  10-28(180-181) 

Pressures,  Cycle  limes,  and  Temperature  Settings  in  Con- 
trolled F.mironmcnt  Treatment  (CF.T).  10-28(24-25) 
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Sec  also  Skm  Blood  Mow 
Boilv  Support  Means 

Recent  Patents:  Reginald  Dyson  10-27(208) 

Bodv  Suppoi  i S\  stems 

HI, m Hid.  Y.\ft:  Research  Report  10  28(1  15-1  Hi) 

Casim  Portable  Standing  Kraine.  YAPC  Research  Report 

1 /.  Patient  Turning  Sv stem,  Moili'l  .'>20  (Air  Mattress).  \ Alt. 
Research  Repot  t 10-28(1  18-110) 

Massaging  Support  Apparatus.  Reeent  Patents  10  2/(200) 
Research  ami  Development  Project  on  Advanced  Orlhotii 
Devices  lor  Adult  Paraplegics,  Contracloi  Reports  (Pi asl  Re 
search  Assoc,  and  Cnivcrsitv  ol  Colorado)  1 0 2 . ( lt»0- 1 / 2) 
10-28(195) 

PACO  (Pivot  Ambulating  Crnlchless  Orthosis)  Concept  De- 
scribed. Iliust.  10  27(100-171) 

Hone  I lealing 

Vi i deration  <d  Bone  I lealing  In  Klectrical  Stimulation.  Con- 
tractor Reports  (Castle  Point.  N.V.  \ A Hospital  and  Helen 
Haves  Hospital.  Ilaverstraw,  N.V.)  1 0-27(  1 57-1  :>8)  10  28 
(170-180) 

l v. dilation  ol  Klectrical  Techniques  lor  Sinnulaiion  ot  Hard 
Tissue  Crovvih.  Contractor  Reports  (YA  Hospital.  Syracuse, 
New  York)  10-27(180-184)  10-28(224  no  report) 

Braille  Hook  on  the  American  Kconoinic  Sv  stein.  Prepared  by  la 
luarv  ot  Congress 

Notes  and  News  10-27(20.4) 
drown,  Dennis  N. 

Orlhocasting  System  (a  means  ol  casting  impressions  <d  the 
bottom  ol  the  loot)  Recent  Patents  10-2/(200) 

Brown,  Richard 

In  Yivo  Loading  ol  Knee  Joint  Replacement.  Contractor  Re 
ports  10-27(108  no  report)  10-28(104-194) 

Burch,  John  1..  ... 

Actuator  Device  lor  ArtiTici.il  Leg  (hydraulic,  lor  a htp-dtsar- 

ticulation  prosthesis)  Recent  Patents  10-2.(208) 

Burgess,  l-.rnest  M.  , 

Controlled  Knvironment  Treatment  lor  Limb  Surgery  and 
Trauma  (a  Preliminary  Report)  10-28(1  (>-57) 

Immediate  Postoperative  Prosthesis  Research  Study.  Contt.u - 
tor  Reports  10-27(147-142)  10-28(1 52-1  SB) 

A Proposed  Technique  Tor  the  Postoperative  Monitoring  ot 
Skin  Tension  in  Belovv-Knec  Amputees  10-28(4-15) 

A Study  of  Interface  Pressures  in  the  Below  Knee  Prosthesis 
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(Physiological  Suspension)— an  Interim  Report  10-28(58-70) 
A Survey  of  l.ower-l.imb  Amputees:  Prostheses,  Phantom  Sen- 
sations, and  Psychosocial  Aspects  10-27(43-60) 

Burstein,  Albert  II. 

Fluted  Hip  Nail  Implant  System  for  Orthopaedic  Surgery.  Re- 
cent Patents  10-28(257) 

In  Vivo  Loading  of  Knee  Joint  Replacement.  Contractor  Re- 
ports 10-27(168  no  report) 

Calendar  of  Events  1 0-27(2 16-2 1 8)  10-28(264-266) 

— scr  also  Name  of  Individual  Organization 
Cane  Tips 

Slipping  Cane  and  Crutch  l ips  Part  I— Static  Performance  of 
Current  Devices:  Leon  Bennett  and  Eugene  F.  Murphy  10-28 
(71-90) 

Canes  for  the  Blind 

Glowing  Cane  for  the  Blind  Traveler.  Notes  and  News  10-28 
(246-247) 

Canes  for  the  Physically  Handicapped 

— Pyramid  Folding  Quad  Cane.  VAPC  Research  Reports  10-28 
(105-106) 

Carlson,  Lawrence  E. 

Research  and  Development  Project  on  Advanced  Orthotic  De- 
vices for  Adult  Paraplegics.  Contractor  Reports  10-27(169- 
172)  10-28(195) 

I Carpenter,  Margaret  L. 

A Survey  of  Lower-Limb  Amputees:  Prostheses,  Phantom  Sen- 
sations, and  Psychosocial  Aspects  10-27(43-60) 

Case  Histories  see  VAPC  Clinic  Team  Evaluation 
Case  Western  Reserve  University,  Biomechanics  Laboratory,  Cleve- 
land, Ohio 

In  Vivo  Loading  of  Knee  Joint  Replacement.  Contractor  Re- 
ports: Richard  11.  Brown,  Kingsbury  G.  Ilciplc,  Victor  M. 
Goldberg,  and  Albert  11.  Burstein  10-27(168  no  report)  10-28 
(193-194) 

Castor  Portable  Standing  Frame 

- VAPC  Research  Report  10-27(1 1 1) 

Causey,  G.  Donald 

— Development  of  a Hearing-Aid  System  with  Independently 
Adjustable  Subranges  of  its  Spectrum  Using  Microprocessor 
Hardware.  Contractor  Reports  (University  of  Maryland)  10-27 
(199-200)  10-28(241-242) 

— The  Development  of  Improved  Techniques  for  the  Analysis  of 
Hearing-Aid  Performance.  Contractor  Reports  (University  of 
Maryland)  10-27(191-196)  10-28(235-238) 
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Check  Writing  Guide 

Recent  Patents:  John  K.  Keit/.cr  ami  Bettv  ).  Keit/er  10-27 
(208) 


Childress,  Dudley  S. 

Prosthetics  Research.  Contractor  Reports  (Northwestern  Uni- 
versity) 10-27(127-129)  10-28(135-138) 

Chin  Control  Powered  Swing  Away 

VAPC  Research  Report  10-28(103-105) 

Cleland,  Max 

Honored  in  1977  Jefferson  Awards.  Notes  and  News  10-28 
(244) 

Clinical  Application  Study  of  Reading  and  Mobility  Aids  for  the 
Blind 

Contractor  Reports:  Donald  K.  Garner,  William  R.  De  I'Aune, 
• •nd  Patricia  D.  Gadbaw.  (Kastern  Blind  Rehabilitation  Center, 
VA  Hospital,  West  Haven, Connecticut)  10-27(196-198)  10-28 
(238-240) 

Preliminary  Kvaluations  10-27(197-198) 

Kvaluation  of  I.ucheck  Lighted  Cane  10-27(197) 

Kvaluation  of  Snipas  Glucose  Analyzer  10-27(197-198) 
Speech  Plus  l alking  Calculator  1 0-2 7(  1 98) 

Contractor  Reports:  J.  Kenneth  Wiley,  Gregory  L.  Goodrich, 
Nancy  C.  Darling,  and  Richard  R.  Bennett.  Western  Blind  Re 
hahilitation  Center,  VA  Hospital,  Palo  Alto,  California.  In  BPR 
10-27,  Report  incorporated  into  article  with  title  “A  Prelimi- 
nary Followup  Study  of  Electronic  Travel  Aid  Users”  10-27 
(82-91)  10-28  (add  Stanley  Paul)  232-235 
Mobility  Aids  and  Training  10-28(232-233) 

Papers  and  Publications,  1977.  10-28(234-235) 

— Patterns  of  Use  and  Disuse  10-27(89-90) 

- Reading  Aids  and  Training  10-28(233-234) 

Recommendations  for  Electronic  Travel  Aid  (ETA)  Pro 
grams  10-27(90-91) 

Travel  Patterns  1 0-27(85-86) 

— Use  of  the  ETA  Observed  10-27(86-87) 

Clinieal  Study  of  Mobility  Aids  for  the  Blind 

- Contractor  Reports:  John  D.  Malamazian,  Leicester  W. 
Farmer,  and  James  J.  Whitehead.  Central  Rehabilitation  Sec- 
tion for  Visually  Impaired  and  Blinded  Veterans,  VA  Hospital, 
Hines,  Illinois  10-27(187-190)  10-28(230-232) 

Glucose  Analyzer  Tested  10-28(231-232) 
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limes  PI  \ Piot>ram  Ke\  tewed  10-27(188  100) 

Hit  mil  Instruments,  1 in  .,  I asci  l lane  I 0-2  7(  I 80) 
lands. i\  Russell  Palhsoundci  10  27(188-180) 

\MS A Sonieiiuuli  MK  II  10  27(180-100) 
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serve  Cnivcrsitv,  Biomechanics  Laboratory,  Cleveland,  Ohio 
1 0-2 7(  1 08  no  report)  1 0-28(  1 03- 1 04) 

ISPO  International  Key  to  the  Future  in  Aiding  the  Handicapped 
F.ditoiial:  Anthony  Slums  10-27(1-3) 

ISPO's  New  “Prosthetics  and  Orthoties  International"  Begins  Publi- 
cation with  April  107  7 Issue 
Notes  and  News  10-27(201) 

|olms  Hopkins  Remote  Manipulator 
VAPC  Research  Report  10-28(08) 

See  Johns  Hopkins  Cnivcrsitv  , Contractor  Reports 
I'he  Johns  Hopkins  Oniversity,  Silver  Spring,  Marv  land 

Interdisciplinary  Development  and  evaluation  ol  F.xternally 
Powered  Cpper  l.imh  Prostheses  and  Orthoses,  Contractor  Re- 
ports: Woodrow  Scumonc  and  Gerhard  Schmeisser,  Jr.  10-27 
(142-140)  10-28(157-102) 

Advanced  Powered  Medical  Manipulator  with  Microproc- 
essor Control  1 0-2 7(  147-148) 

Computer-Aided  Powered  Medical  Manipulator  10-28(157- 

101) 

Book/Mugu/inc  Programs  10-28(100) 

Kleenex  Program  1 0-28(  1 00- 10 1 ) 

Sell-Feeding  Program  10-28(158-100) 

Telephone  Program  10-28(158) 

Typewriter  Program  10-28(100) 

Continuation  ol  Clinical  evaluation  of  the  Manipulator  10-28 

(101-102) 

Continued  evaluation  ol  F.xternally  Powered  Cppcr-l.imh 
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Prosthesis  10-27(148-149) 

Manipulator  Unit  for  VA  Hospital,  West  Koxlmry,  Massachu- 
setts 10-27(148) 

Powered  Medical  Manipulator  10-27(143-146) 

Eyeglass  Control  Mode  10-27(144-145) 

New  Terminal  Devices  10-27  (144-145) 

Self-Feeding  Arrangement  10-27(145-146) 

‘The  Joints  of  the  Ankle”  by  Verne  T.  Inman  Culminates  Two 
Decades  of  Studies 

Notes  and  News  10-27(201-202) 

Joints  see  Ankle  Joints,  Hip  Joints,  Knee  Joints 
Kari-Fone  Portable  (Wireless  PM  Radio)  Telephone 
VAPC  Research  Report  10-27(98-101) 

Kavner,  David 

Hemodynamic  Evaluation  of  Postoperative  and  Preoperative 
Amputees.  Contractor  Reports  10-27(158-161)  10-28(180- 
181) 

Kegel,  Bernice 

A Survey  of  Lower-Limb  Amputees:  Prostheses,  Phantom  Sen- 
sations, and  Psychosocial  Aspects  10-27(43-60) 

Kcit/cr,  Betty  J. 

Check  Writing  Guide.  Recent  Patents  10-27(208) 

Keit/.er,  John  E. 

Check  Writing  Guide.  Recent  Patents  10-27(208) 

Kingsley  Manufacturing  Co.,  Costa  Mesa,  California  (Mortcnsen 
Safety  Knee) 

VAPC  Research  Report  10-28(93-94) 

Kleiner,  Aaron 

A Description  of  the  Kurzweil  Reading  Machine  and  a Status 
Report  on  its  Testing  anti  Dissemination.  Kurzweil  Computer 
Products,  Inc.  10-27(72-81) 

Knee  Joints 

Friction-Stabilized  Knee.  Contractor  Reports  (University  of 
California,  Berkeley)  10-27(133)  10-28(142-144) 

In  Vivo  Loading  of  Knee  Joint  Replacement.  Contractor  Re- 
ports (Case  Western  Reserve  Institute)  10-27(168  no  report) 
10-28(193-194) 

Mortcnsen  Safety  Knee.  VAPC  Research  Report  1 0-28(93— 
94) 

Multi-Input  Control  and  Knee  Stability.  Contractor  Reports 
(University  of  California,  Berkeley)  10-28(148) 

New  Three-Part  Knee  Bolt  Design.  Contractor  Reports  (Mauch 

Laboratories)  1 0-27(  1 23-1 2b)  10-28(134) 

see  also  Hydraulic  Knee  Control,  Polycentric  Knee 
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Konigsbcrt , Robert  1.. 

Myoelectrically  Controlled  Prosthesis.  Keeent  Patents  10-27 
(209) 

Kosiak,  Miehael 

Massaging  Support  Apparatus.  Rec  ent  Patents  10-27(209) 
Kuchncggcr,  Walter 

Orthopedic  Brace  (Orthosis).  Recent  Patents  10-27(209) 
Kur/.wcil,  Raymond  C. 

A Description  of  the  Kur/.wcil  Reading  Machine  and  a Status 
Report  on  its  Testing  and  Dissemination.  (Kurzwcil  Computer 
Products,  Inc.)  10-27(72-81) 

Kur/.wcil  Reading  Machine,  A Status  Report  on  its  Testing  and 
Dissemination:  Aaron  Kleiner,  and  Raymond  0.  Kurzwcil  10-27 
(72-81) 

Abstract  10-27(72) 

Anti-Obsolescence  Strategy  10-27(77-78) 

History  and  Current  Status  10-27(78-81) 

NFB  Participation  in  Development  10-27(80) 

Other  Federal  Programs  10-27(79-80) 

Preliminary  Tests  on  Secondary  School  Children  10-27(81) 
Veterans  Administration  Progrant  10-27(79) 

The  Subsystems  10-27(73-77) 

Character  Recognition  10-27(75-76) 

The  Scanner  10-27(73-75) 

Speech  Ccncration  10-27(76-77) 

User  Controls  10-27(77) 
lai  Caron  Lift  Chair  Model  76 

VAPC  Research  Report  10-27(1  15)  10-28(120-121) 
latntoreux,  1-arry 

Design  of  Prosthetic  and  Ortholie  Devices  and  Biomechanical 
Studies  of  Locomotion.  Contractor  Reports  (University  ol 
California,  Berkeley)  1 0-28(  1 42- 1 52) 

LAPOC  Safety  Knee  (Compliance  Testing) 

VAPC  Research  Report  10-28(129) 
laiscr  Canes 

A Preliminary  Followup  Study  of  F.lectrouic  Travel  Aid  I’sers. 
Contractor  Report  (Western  Blind  Rehabilitation  Center) 
10-27(82  91) 

See  also  F.lectrouic  Travel  Aids,  Mobility  Airis  lor  the  Blind 
Latta,  Loren  L. 

Development  of  Refined  Fitting  Procedures  for  Lower-lamb 
Prosthcses  - Case  Studies  of  Applied  Research  in  Orthotics  and 
Prosthetics  - A Final  Report.  Contractor  Reports  (University 
of  Miami,  School  of  Medicine)  1 0-28(1 62-1 78) 
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Lauer,  Harvey 

- Clinical  I rials  of  Reading  Machines  for  the  Blind.  Contractor 
Reports  (VA  Central  Rehabilitation  Section  for  Visually 
2*30)*ired  ^'nc*ct*  Veterans)  10-27(190-191)  10-28(229- 

Leavitt,  Lewis  A. 

- Development  and  Evaluation  of  Advanced  Automotive 
Adaptive  Equipment.  Contractor  Reports  (Texas  A&M  Univer- 
sity) 10-27(149-154) 

Lee,  Bok  Y. 

- Hemodynamic  Evaluation  of  Post-Operative  and  Preoperative 
Amputees.  Contractor  Report  (VA  Hospital,  Castle  Point 

New  York)  10-27(158-161)  10-28(180-181) 

Lem  Power  Chair 

- VAPC  Research  Report  10-28(1  14-115) 

Levitt,  Andrea 

- Research  on  Audible  Outputs  of  Reading  Machines  for  the 

Blind.  Contractor  Reports  (Haskins  Laboratories,  Inc.)  10-28 
(225-228)  ’ 

Liberson  Electrical  Stimulation  Orthosis 

- VAPC  Research  Report  10-27(1 15-1 16) 

Library  of  Congress 

- Prepared  a Braille  Version  of  the  Booklet  “The  American 
Economic  System  and  Your  Part  in  It.”  Notes  and  News 
10-27(203) 

Lifeline  System  (Automatic  Home  Emergency-Alarm  System) 

- VAPC  Research  Report  10-27(101-102) 

Lifts  and  Transfer  Aids 

- Duphar  Life  Lift.  VAPC  Research  Report  10-27(1 14) 

- Invalid  Lifting  and  Walking  Device.  Recent  Patents  10-27(209) 

- La  Caron  Life  Chair  Model  76.  VAPC  Research  Report  10-27 
(114)  10-28(120-121) 

Mobilizcr  (Powered  Patient-Transfer  Device).  VAPC  Research 
Report  10-27(1 1 1-1 12) 

- See  also  Automotive  Adaptive  Equipment 
L’Nard  Associates,  Inc.,  Providence,  Rhode  Island 

- Sani-Comfo  Arm  Splint.  VAPC  Research  Report  10-27(1 15) 

Lontz.John  F.  ' 

Maxillofacial  Restorative  Materials  and  Techniques.  Contractor 
Reports  1 0-27(1 61  -165)  10-28(182-188) 

Lower-Limb  Amputation 

Below-knec  Amputation  with  Immediate  Postoperative  Fitting 
of  Prosthesis 

Contractor  Reports  (VA  Hospital,  San  Francisco, California) 

235 


\ 


i 


10-27(142  no  report) 

Hemodynamic  Evaluation  of  Postoperative  and  Preoperative 
Amputees 

Contractor  Reports  (VA  Hospital,  Castle  Point,  N.Y.) 
10-27(158-161)  10-28(180-181) 

Hie  Importance  of  Amputation-Level  Determination.  Guest 
Editorial:  Wesley  S.  Moore  10-28(1-3) 

See  also  Immediate  Postoperative  Prostheses  Research  Study 
Lower  Limh  Amputees 

Extra-Ambulatory  function  lor  the  Lower  Limb  Amputee. 
Contractor  Reports  (Prosthetics  Research  Study)  10-28(155) 
functional  Capabilities  ol  Lower-lamb  Amputees.  Contractor 
Reports  (Prosthetics  Research  Study)  10-27(138)  10-28(156) 
functional  and  Stress  Analysis  of  Lower-Limb  Amputees  Per- 
forming Extra-Ambulatory  Activities.  Contractor  Reports 
(Prosthetics  Research  Study)  1 0-27(14  1 - 1 42) 

A Survey  ol  Lower-Limb  Amputees:  Prostheses,  Phantom 
Sensations,  and  Phychosocial  Aspects:  Bernice  Kegel,  Margaret 
L.  Carpenter,  and  Ernest  M.  Burgess  10-27(43-60) 

See  also  Lower  Limb  Amputation 
Lower- Limb  Components 

Actuator  Device  for  Artificial  Leg  Recent  Patents  10-27(208) 
Design  ol  Lower-Iamb  Prosthetic  and  Orthotic  Devices.  Con- 
tractor Reports  (Univcrsitv  of  California,  Berkeley)  10-27 
(132-134)  10-28(141  151) 

Eour-Bar-Linkage  Polvcentric  Pneumatic  Knee  10-27(132-133) 
10-28(142) 

Eriction-Stabilized  Knee  10-27(133)  10-28(142-144) 

Modular  Pylon  Structure  for  Belovv-Knee  Prostheses  10-28 
(146) 

Multi-Input  Control  and  Knee  Stability  10-28(148) 

SACH  foot  with  Metal  Keel  10-27(133-134)  10-28(146-148) 
Shank  Axial  Rotation  Device  10-28(148-151) 

Six-Bar-Linkage  Unit  with  f riction  Swing-Control  10-27(133) 
10-28(142) 

l ube  Couplings  for  Modular  Prostheses  1 0-27(  1 33)  1 0-28(  1 44- 
146) 

V'A  PC  Research  Report 

Graphite-Epoxy  Composite  Components.  VAPC  Research 
Report  1 0-27(93-94) 

Graphite-Epoxy  Shank  for  Partial  Thigh  Endoskeletal 
Prosthesis.  VAPC  Research  Report  10-28(93) 

LAPOC  Safety  Knee  (Compliance  Testing).  VAPC  Research 
Report  10-28(129) 
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— Mortensen  Safety  Knee.  VAFC  Research  Report  10-28(93- 
94) 

— Multiplex  Mark  II  Above-Knee  Prosthesis  (Compliance  Test- 
ing). VAPC  Research  Report  10-28(129-130) 

— Nitchke-Tindall  Ankle  Rotator.  VAPC  Research  Report 
10-28(94-95) 

Polypropylene  Hip  Joint  and  Pelvis  Band.  VAPC  Research 
Report  10-27(94) 

Positive-Locking  Knee/Shank  Assemblies  (Compliance  Test- 
ing). VAPC  Research  Report  10-27(1 17) 

— Prosthetic  Skin.  VAPC  Research  Report  10-28(93) 

SACH  Feet  (Compliance  Testing).  VAPC  Research  Report 
10-27(117) 

— Standard  Functional  Requirements  for  Lower-Limb  Pros- 
thetic Assemblies  and  Components  (Compliance  Testing). 
VAPC  Research  Report  10-28(127-128) 

— Standards  and  Specifications  for  Lower-Limb  Prosthetic 
Assemblies  and  Components  (Compliance  Testing).  VAPC 
Research  Report  10-27(  117) 

— UC-BL  Four-Bar  Polyccntric  Knee.  VAPC  Research  Report 
10-27(94) 

— See  also  Knee,  Ankle,  Hydraulic 
Lower-Limb  Orthoses 

- Development  of  Refined  Fitting  Procedures  for  Lower-Limb 
Prosthescs  - Case  Studies  of  Applied  Research  in  Orthotics  and 
Prosthetics  - A F’inal  Report.  Contractor  Reports  (University 
of  Miami  School  of  Medicine)  10-28(162-178) 

Lower-Limb  Orthotics 

- Orthotic  Transverse  Rotator.  VAPC  Research  Report  10-28 
(96) 

- See  also  Functional  Electrical  Stimulation 
Lower-Limb  Prosthescs 

Artificial  Limb  with  Three-Part  Cosmetic  Covering.  Recent 
Patents  10-28(257) 

- Design  of  Lower-Limb  Prosthetic  and  Orthotic  Devices.  Con- 
tractor Reports  (University  of  California,  Berkeley)  10-27 
(132-134)  10-28(142-151) 

- Development  of  Refined  Fitting  Procedures  for  Lower-Limb 
Prosthescs  - Case  Studies  of  Applied  Research  in  Orthotics 
and  Prosthetics  - A F'inal  Report.  Contractor  Reports  (Univer- 
sity of  Miami  School  of  Medicine)  10-28(162-178) 

- Lightweight  Bclow-Knce  Prosthesis.  Contractor  Reports 
(Northwestern  University)  10-27(128)  10-28(137-138) 

- A Study  of  Interface  Pressures  in  the  Bclow-Knee  Prosthesis: 
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Physiological  Suspension— An  Interim  Report.  E.  M.  Burgess 
and  A.  James  Moore  (Prosthetics  Research  Study)  10-28(58-70) 

— A Survey  of  Lower-Limb  Amputees,  Prostheses,  Phantom 
Sensations,  and  Psychosocial  Aspects.  B.  Kegel,  M.  L.  Carpen- 
ter, and  E.  M.  Burgess  (Prosthetics  Research  Study)  10-27(43- 
60) 

— Ultralight  Below-Knee  Prosthesis.  Contractor  Reports  (Moss 
Rehabilitation  Hospital,  Philadelphia,  Pennsylvania)  10-27 
(176-179)  10-28(218-219) 

Lowman,  Charles  LeRoy 

— Biography  of.  Notes  and  News  10-28(255-256) 

Lyman,  John  H. 

— Fundamental  and  Applied  Research  Related  to  the  Design  and 
Development  of  Upper-Limb  Externally  Powered  Prostheses. 
Contractor  Reports  (University  of  California,  Los  Angeles) 
10-27(129-132)  10-28(139-141) 

McCollough,  Newton  C.,  Ill 

— Development  of  Refined  Fitting  Procedures  for  Lower-I.imb 
Prostheses  - Case  Studies  of  Applied  Research  in  Orthotics  and 
Prosthetics— A Final  Report.  Contractor  Reports  (University 
of  Miami  School  of  Medicine)  10-28(162-178) 

McDermott,  Make,  Jr. 

— Development  and  Evaluation  of  Advanced  Automotive  Adap- 
tive Equipment.  Contractor  Reports  (Texas  A&M  University) 
10-27(149-154) 

McFadden,  James  T. 

— Wheelchair-Mounted  Control  Apparatus.  Recent  Patents  10-27 

(210) 

Madden,  John  L. 

— Hemodynamic  Evaluation  of  Postoperative  and  Preoperative 
Amputees.  Contractor  Reports  (VA  Hospital,  Castle  Point, 
New  York)  10-27(158-161) 

Mangussen,  Ian 

— A Multifunctional  Prosthesis  Control  System  Based  on  Time 
Series  Identification  of  EMG  Signals  Using  Microprocessors. 
Colorado  State  University  10-27(4-16) 

Malamazian,  John  D. 

— Clinical  Study  of  Mobility  Aids  for  the  Blind.  Contractor 
Reports  (Central  Rehabilitation  Section  for  Visually  Impaired 
and  Blinded  Veterans)  10-27(187-190)  10-28(230-232) 

— Clinical  Trials  of  Reading  Machines  for  the  Blind.  Contractor 
Reports  (Central  Rehabilitation  Section  for  Visually  Impaired 
and  Blinded  Veterans)  10-27(190-191)  10-28(229-230) 
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Mallow,  William 

Permanendy  Attached  Artificial  Limbs.  Contractor  Reports 
(southwest  Research  Institute)  10-28(188-191) 

Manipulators 

- Advanced  Powered  Medical  Manipulator  with  Microprocessor 

S-277l47-148)*Ct0r  RCP°rtS  (The  J°hnS  H°Pkins  diversity) 

£n‘0?,ated  Master  Slave  Manipulator.  Recent  Patents  10-27 

(20a) 

- Computer-Aided  Powered  Medical  Manipulator.  Contractor 
Keports  (The  Johns  Hopkins  University)  10-28(157-161) 

- Book/Magazinc  Programs  10-28(160) 

- Kleenex  Program  10-28(160-161) 

- Self-Feeding  Program  10-28(158-160) 

- Telephone  Program  10-28(158) 

- Typewriter  Program  10-28(160) 

- Continuation  of  Clinical  Evaluation  of  the  Manipulator.  Con- 
|r62)°r  Rcp°rtS  ^Thc  Johns  Hopkins  University)  10-28(161- 

- Effectiveness  for  Veteran  Quadriplegics  of  Medical  Manipu- 
lators and  Design  Specifications  for  Improved  Control  Con- 

(H0°14f)CP°rtS  (University  of  California-  Los  Angeles)  10-28 

~ 'l  0^8 ( 9 8) P k ’ 0 * Rernotc  ManiPu,ator-  VAPC  Research  Report 

- Powered  Medical  Manipulator.  Contractor  Reports  (The  Johns 

Hopkins  University)  10-27(143-146) 

- Eyeglass  Control  Mode  10-27(144-145) 

- New  Terminal  Devices  10-27(143-144) 

- Self-Feeding  Arrangement  10-27(145-146) 

Mann,  Robert  W. 

- Receives  ASME  Medal.  Notes  and  News  10-28(251) 

Mannard,  Allan 

. ~ Implantable  Neural  Electrode.  Recent  Patents  10-28(258) 

Mann  s E-Z  Way  Chair  Lift 

- VAPC  Research  Report  10-28(124-125) 

Manual  Communications  Module  (MCM) 

- VAPC  Research  Report  10-27(98) 

Marchak,  Frank  J. 

- Paper  Money  Identifier.  Recent  Patents  10-27(209) 

Marino,  A.  A.  ' ’ 

- Evaluation  of  Electrical  Techniques  for  Stimulation  of  Hard 
Tissue  Growth.  Contractor  Reports  (VA  Hospital,  Syracuse 
New  York)  10-27(180-184)  10-28(224  no  report)  * 
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Marsolais,  K.  Byrun 

Fmgineering  Applications  in  Orthotic  and  Prosthetic  Treatment 
ol  Musculoskeletal  Delects.  Contractor  Reports  (VA  Hospital, 

Cleveland,  Ohio)  10-27(1 72-1 74)  10-28(195-214) 

Mason,  Carl 

Klee  trie  KIbow.  Recent  Patents  10-27(208-209) 

Massaging  Support  Apparatus 

Recent  Patents:  Michael  Kosiuk  10-27(209) 

Mattingly,  Ignatius  O. 

Research  on  Audible  Outputs  of  Reading  Machines  for  the 
Blind.  Contractor  Reports  (Haskins  laboratories,  Inc.)  10-27 
(185-187)  10-28(225-228) 

IMauch,  Hans  A. 

Research  and  Development  in  the  Field  of  Artificial  Limbs. 

Contractor  Reports  (Mauch  Laboratories,  Inc.)  10-27(121- 
126)  10-28(132-134) 

Research  and  Development  in  the  Field  of  Reading  Machines 
lor  the  Blind.  Contractor  Reports  (Mauch  Laboratories,  Inc.) 

10-27  Report  was  incorporated  into  article  under  same  title 
10-27(61-71)  10-28(228-229) 

•See  also  Mauch  Laboratories,  Inc. 

Mauch  Laboratories.  Dayton,  Ohio 

Research  and  Development  in  the  Field  of  Artificial  Limbs. 

Contractor  Reports:  Hans  A.  Mauch  10-27(121-126)  10-28 
>.  (132-134) 

Hydraulic  Ankle  Control  System  10-27(121-122)  10-28 

(132-133) 

Hydraulic  Knee  Control  System  for  Geriatric  Amputees 
10-27(122-123)  10-28(134)' 

New  Ihree-Part  Knee-Bolt  Design  10-27(123-126)  10-28 
(134) 

Research  and  Development  in  the  Field  of  Reading  Machines 
for  the  Blind.  Contractor  Reports:  Hans  A.  Mauch  and  Glen- 
don  C,  Smith.  Report  incorporated  into  article  under  same 
title  10-27(6 1-7 1)  10-28(228-229) 

Maxillofacial  Restorative  Materials  and  Techniques 

— Contractor  Reports:  James  S.  Schwcigcr  and  John  F.  Lontz. 

Temple  University  School  of  Dentistry,  Maxillofacial  Research, 

Philadelphia.  Pa.  10-27(161-165)  10-28(182-188) 

Bibliography  10-28(187-188) 

Comprehensive  Development  Plan  10-28(182-183) 

Digital  Color  Difference  Indices  of  Human  Skin  10-27 
(162-163) 

Digital  Color  Difference  Measurements  for  Artificial  Pig- 


meats  10-27(163-164) 

- Field  Evaluation  10-28(185) 

Tissue  Culture  Test  Development  10-28(183-188) 
Mechanically  Operated  Voice  Synthesizer  (MOVS),  Scope  Electron- 
ics, Inc.,  Reston,  Virginia 

— VAPC  Research  Report  10-27(100-101) 

Medpro  Chair  Flotation  Cushion 

VAPC  Research  Report  10-28(1  17) 

Microcomputer- Aided  Prostheses 

Control  of  an  Artificial  lamb  with  Several  Degrees  of  Freedom 
of  Motion.  Contractor  Reports  (University  of  California.  Los 
Angeles)  10-27(129-132)  10-28(139-140) 

Microlert  System 

— VAPC  Research  Report  10-27(105) 

Microprocessor  Control  System  for  Manipulators  sec  Manipulators 
Microprocessor  Control  Systems  for  Prostheses 

Control  of  an  Artificial  Limb  with  Several  Degrees  of  Freedom 
of  Motion.  Contractor  Reports  (University  of  California,  Los 
Angeles)  10-27(129-131)  10-28(139-140)  ’ 

— Control  of  an  Artificial  Upper  Limb  in  Several  Degrees  of 
Freedom.  Contractor  Reports  (Colorado  State  University) 
10-27(155-157)  10-28(178-179) 

— A Multifunctional  Prosthesis  Control  System  Based  on  Time 
Series  Identification  of  EMC  Signals  Using  Microprocessors: 
Daniel  Graupe,  Alosius  A.M.  Beex,  William  J.  Monlux,  and  lan 
Mangussen  10-27(4-16) 

Microprocessor  Hardware  in  Hearing  Aid  System 

— Development  of  a Hearing-Aid  System  with  Independently 
Adjustable  Subranges  of  its  Spectrum  Using  Microprocessor 
Hardware.  Contractor  Reports  (Colorado  State  University  and 
University  of  Maryland)  10-27(199-200)  10-28(141-142) 

Mobility  Aids  for  the  Blind 

— Clinical  Application  Study  of  Reading  and  Mobility  Aids  for 
the  Blind.  Contractor  Reports  (Western  Blind  Rehabilitation 
Center)  10-27  Report  was  incorporated  into  an  article  under 
the  title  “A  Preliminary  Followup  Study  of  Electronic  Travel 
Aid  Users”  10-27(82-91)  10-28(232-235) 

— Clinical  Application  Study  of  Reading  and  Mobility  Aids  for 
the  Blind.  Contractor  Reports  (Eastern  Blind  Rehabilitation 
Center)  10-27(196-198)  10-28(238-240) 

— Clinical  Study  of  Mobility  Aids  for  the  Blind.  Contractor 
Reports  (Central  Rehabilitation  Section  for  Visually  Impaired 
and  Blinded  Veterans)  10-27(187-190)  10-28(230-232) 

— Polyscnsory  Mobility  Aid.  Recent  Patents  10-27(210) 
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A Preliminary  Followup  Study  of  Electronic  Travel  Aid  Users: 
Nancy  U.  Darling,  Gregory  L.  Goodrich,  and  J.  Kenneth  Wiley 
(Western  Blind  Rehabilitation  Center)  10-27(82-91) 

Family  Opinion  of  E TA  1 0-27(85) 

Patterns  of  Use  and  Disuse  10-27(89-91) 

Recommendations  1 0-27(90-9  l ) 

Travel  Patterns  with  the  Sonicguide . and  the  l«tser  Cane 
10-27(85) 

see  also  Canes  lor  the  Blind,  Electronic  Travel  Aids 
Mobility  Aids  for  the  Physically  Handicapped 

Adult  Powered  Tricycle.  VAPC  Research  Report  10-28(  1 18) 
Ausmus  Motor-Stand.  VAPC  Research  Report  10-28(1 14) 

Chin  Control  Powered  Swing  Away.  VAPC  Research  Report 
10-28(103-105) 

Electric  Back-Rccliner  Kit.  VAPC  Research  Report  1 0-28(  1 03) 
Everest  and  Jennings  Hub-Brake  Wheel-Lock  System.  VAPC 
Research  Report  10-27(1  10-1  11) 

Icarus  Easy  Transfer  Wheelchair  Attachment.  VAPC  Research 
Report  10-27(107) 

— Illuminated  Reachers  for  Wheelchairs.  VAPC  Research  Report 
10-28(114) 

Mobility  Aids  tor  the  Severely  Handicapped.  Contractor 
Reports  (Mobility  Engineering  and  Development  10-27(168) 
For  Progress  during  this  report  period  see  BPR  10-26(392-433) 
same  title)  10-28(191-192) 

Electronically  Controlled  Van  10-28(192) 

Van  Compatible  Wheelchair  10-28(191-192) 

— Plantar  and  Dorsiflexion  Foot  Plates  for  Wheelchairs.  VAPC 
Research  Report  10-28(1  14) 

Spring  Suspension  Powering  Unit  (Wheelchair  Device).  Con- 
tractor Reports  (University  of  California,  Berkeley)  1 0-28(  151) 

— VAPC  Powered  Ambulator.  VAPC  Research  Report  10-28 
(113-114) 

— see  also  Canes  and  Wheelchairs  for  the  Physically  Handicapped 
Mobility  Aids  for  the  Severely  Handicapped 

— Contractor  Reports:  Charles  M.  Scott,  and  Ronald  E.  Prior. 
Mobility  Engineering  and  Development  (MED),  Canoga  Park, 
California  10-27(168  For  Progress  during  this  report  period  see 
BPR  10-26(392-433)  same  title)  10-28(191-192) 

— Electronically  Controlled  Van  10-28(192) 

— Van  Compatible  Wheelchair  10-28(191-192) 

Mobility  Engineering  and  Development  (MED),  Canoga  Park, 
California  see  Mobility  Aids  for  the  Severely  Handicapped. 
Mobilizcr  (Powered  Patient-Transfer  Device),  Diamondhead  Corp., 
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Mountainside,  New  Jersey 

VAPt:  Research  Report  10-27(111-112) 

Modular  Prosthescs 

Modular  Pylon  Structure  for  Below-Knee  Prosthescs.  Con- 
tractor Reports  (University  of  California,  Berkeley)  10-28(146) 
Tube  Couplings  for  Modular  Prosthescs.  Contractor  Reports 
(University  of  California,  Berkeley)  1 0-27(  I 33)  1 0-28(  1 44- 1 46) 
Monlux,  William  J. 

A Multifunctional  Prosthesis  Control  System  Based  on  lime 
Series  Identification  of  KMC  Signals  Using  Microprocessors 
(Colorado  State  University)  10-27(4-16) 

Moore,  A.  James,  Jr. 

A Proposed  Technique  for  the  Postoperative  Monitoring  of 
Skin  Tension  in  Below-Knee  Amputees  (Prosthetics  Research 
Study)  10-28(4-15) 

A Study  of  Interface  Pressures  in  the  Below-Knee  Prosthesis 
(Physiological  Suspension)  an  Interim  Report  (Prosthetics 
Research  Study)  1 0-28(58-70) 

Moore,  Wesley  S. 

Below-Knee  Amputation  with  Immediate  Postoperative  Kitting 
of  Prosthesis.  Contractor  Reports  (VA  Hospital,  San  Francisco, 
California)  10-27(142  no  report)  10-28(156  no  report) 

The  Importance  of  Amputation-Level  Determination.  Cuest 
Editorial  10-28(1-3) 

More  Concern  for  Needs  of  Physically  Handicapped  Likely  in 
International  Technical  Standards 
Notes  and  News  10-28(250-251) 

Moricca,  Larry  S. 

Poiysensory  Mobility  Aitl.  Recent  Patents  10-27(210) 

Morris,  James  M. 

Design  of  Prosthetic  and  Orthotic  Devices  and  Biomechanical 
Studies  of  Locomotion.  Contractor  Reports  (University  ol 
California.  Berkeley)  10-27(132-136)  10-28(142-152) 
Mortcnsen  Safety  Knee 

VAPC  Research  Report  10-28(93-94) 

Moss  Rehabilitation  Hospital,  Rehabilitation  Engineering  Center, 
Philadelphia,  Pennsylvania 

Ultralight  Below-Knee  Prosthesis.  Contractor  Reports:  A. 
Bennett  Wilson,  Jr.,  10-27(1 76-1 79)  1 0-28(2 1 8-2 1 9) 

A Multifunctional  Prosthesis  Control  System  Based  on  lime  Series 
Identification  of  EMC  Signals  Using  Microprocessors:  Daniel 
Craupc,  Alosius  A.  M.  Beex,  William  J.  Monlux,  and  lan 
Magnusscn  10-27(4-16) 

Description  of  Hardware  10-27(1  1-13) 
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D.it.i  Acquisition  10-27(12) 

Microprocessor  Computing  S\  stem  1 0-2 7(  I 2 I 5) 

Prosthesis  lntnr.ur  10  27(111) 

Function  Discrimination  IVi fnrm.uic r 10  27(1  1 15) 
Introduction  1 0-27(4-5) 

Outline  of  the  Function  Separation  Algorithm  10  27(5  II) 
Control  Aspects  10-27(1  I) 
l.imh-Function  Disnimin.ition  10  27(8  II) 

Parameter  Identification  10  27(0  8) 

Multiples  M.trk  II  Ahovc-kncc  Prosthesis  (Compliance  Posting) 
VAPC  Rescan  It  Report  10  28(120  1.10) 

Murphy,  F.ugone  I'. 

Biographical  Note  on  Charles  I.eRov  low  nun,  1870-1077. 
Notes  and  News  I 0-28(255  250) 

Biographical  Note  on  Ionites  Dennison.  1 80  I- 1 070.  Notes  and 
New  s 1 0-28(25 1 -254) 

l.ditoi,  Highlights  ol  Other  VA  Researeh  Programs  (Orthoties 
and  Prosthetics)  10-27(121  184)  10-28(152-224) 

Honored  1>\  ASMF.  with  Flection  to  Crade  ol  Fellow.  Notes 
and  News  I 0 27(204-204 ) 

Slipping  Cane  and  Crutch  l ips  Part  l Static  Performance  Ol 
Current  Do  ices  10  28(71  00) 

Musculoskeletal  Delects 

S.-c  F.ngineering  Applications  in  Orthotic  and  Prosthetic  Treat 
incut  ol  Musculoskeletal  Delects. 

M\  ocleclric  Control 

Below  P.lhow  Myoelectric  Fitting  lechnitpies.  Contractor 
Reports  (Northwestern  University)  10-28(150) 

Control  ol  an  Artificial  l.itnh  with  Several  Degrees  of  Freedom. 
Contractor  Reports  (University  ol  California,  l.os  Angeles)  10 
27(120  152)  10  28(150  140) 

Control  ol  an  Artifiei.il  Upper  l.itnh  in  Several  Degrees  of 
Freedom.  Contractor  Reports  (Colorado  State  University)  10 
27(155  157)  10  28(178  170) 

I he  I.N.A.I.I..  F.\perience  Fitting  llpper-l.imh  Dysmelia 
Patients  with  Myoelectric  Control:  i latinos  Schmidl  10-27 
( 1 7 42) 

A Multilunction.il  Prosthesis  Control  System  Rased  on  lime 
Series  Identification  ol  F.MC  Signals  Using  Microprocessors: 
Daniel  Craupc.  Alosius  A.  M.  Bee\.  William  J.  Monlux.  and 
Ian  Magnusscu  1 0-27(4- 1 1>) 

Patient  F.v. dilation  ol  a Functional  F, lcctric.il  Stimulation  Hand 
Orthosis.  Contractor  Reports  (VA  Hospital.  Cleveland,  Ohio) 
10  27(174  I 70)  1 0-28(2 14-218) 
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Myoelectrically  Controlled  Prosthesis 

Recent  Patents:  Charles  II.  Iloshall,  Woodrow  Seatnone,  and 
Robert  I..  Konigsbert  10-27(209) 

National  Academy  of  Hniginccring  K.lects  Howard  I).  Kbcrbart  to 
Membership 

Notes  and  News  10-27(204) 

National  Conference  on  Aiding  and  Blindness 

2nd  Conference:  “Independence  With  Dignity:  Action  ‘78". 
Notes  and  News  10-28(246) 

National  Wheelchair 

VAPC  Research  Report  10-28(109-1  10) 

Nerve  Stimulation,  Transcutaneous  .vee  transcutaneous  Nerve 
Stimulation 
Neele,  Charles  W. 

Bifocal  Lens  Which  Positions  Within  the  Anterior  Chamber. 
Recent  Patents  10-28(257) 

Neural  Klectrodcs 

Implantable  Neural  Licet  rode.  Recent  Patents  10-28(258) 

New  Haling  Reader  (Automatic  Scroll-Reading  Device) 

VAPC  Research  Report  10-27(102-103)' 

New  Rehabilitative  Hngineering  Research  and  Development  Center 
Hstablished  at  VAH,  Ilines,  Illinois 
Notes  and  News  10-28(244) 

Nickel,  Vernon  L. 

Appointed  Director  of  VA  Rehabilitative  Hngineering  Service. 
Notes  and  News  10-28(243) 

Nitchkc-Tindall  Ankle  Rotator 

VAPC  Research  Report  10-28(94-95) 

Northwestern  University,  Prosthetics  Research  Laboratory , Chicago, 
Illinois  .see  Prosthetics  Research.  Contractor  Reports 
Ihe  Northwestern  University  Synergetic  Hook 
VAPC  Research  Report  10-28(95-96) 

Notes  and  News  10-27(201-207)  10-28(243-256) 

Now,  "Hcaring-Har  Dogs”  for  the  Deaf 
Notes  and  News  10-28(247-248) 

Nye,  Patrick  W. 

Research  on  Audible  Outputs  of  Reading  Machines  for  the 
Blind.  Contractor  Reports  (Haskins  Laboratories,  Inc.)  10-27 
(185-187)  10-28(225-228) 

Optical  Aids 

Bifocal  Lens  Which  Positions  Within  the  Anterior  Chamber. 
Recent  Patents  10-28(257) 

Optical  Character  Recognition  (OCR) 

See  A Description  of  the  Kur/.wcil  Reading  Machine,  and 


245 


Bulletin  of  Prosthetic*  Reseerch— Spring  1978 


Research  and  Development  in  the  Field  of  Reading  Machines 
lor  the  Blind. 

Optical  Society  of  America 

Annual  Meeting.  Calendar  of  Kvents  1 0-27(2 16,  217.  218) 
10-28(265.266) 

Orthocasting  System 

Recent  Patents:  Dennis  N.  Brown  10-27(209) 

Orthomedics  Fellowship  Awarded  at  NYU 
Notes  and  News  10-27(206) 

Orthopaedic  Appliances 

Recent  Patents:  Pierre  Rabischong  and  Jean  Pierre  l.ouis  Bel 
10-27(209) 

Orthopaedic  Research  Society 

— Calendar  of  Kvents  10-27(217) 

Orthopedic  Brace  (Orthosis) 

Recent  Patents:  Walter  Kuehncgger  10-27(209) 

Orthopedic  Implants 

Fluted  1 lip  Nail  Implant  System  for  Orthopaedic  Surgery. 
Recent  Patents  10-28(257) 

In  Vivo  Loading  of  Knee  Joint  Replacement.  Contractor 
Reports  (Case  Western  Reserve  Institute)  10-27(168  no  report) 
10-28(193-194) 

Orthopedic  Implant  Device  Retrieval  and  Analysis.  Contractor 
Reports  (VA  Hospital,  New  Orleans,  Louisiana)  see  next  entry 
Orthopedic  Implant  Device  Retrieval  and  Analysis 

Contractor  Reports:  Allen  M.  Weinstein.  VA  Hospital,  New 
Orleans,  Louisiana  10-27(1 79-180)  10-28(219-224) 

Toward  a Nationwide  Retrieval  Program  10-28(223-224) 
Orthopedic  Shoes 

Inflatable  Sole  Shoe.  Recent  Patents  10-28(257) 

Orthotic  Devices 

Orthotic  Transverse  Rotator.  VAPC  Research  Report  10-28 
(96) 

— The  PACO  Concept  (Pivot  Ambulating  Crutchless  Orthosis). 
Contractor  Reports  (Prast  Research  Associates,  and  University 
of  Colorado)  10-27(169-172)  10-28(195) 

— Sani-Comfo  Arm  Splint.  VAPC  Report  10-27(1 15) 

— See  also  Functional  Electrical  Stimulation 
Orthotics  Publications 

— Publications  of  Interest  10-27(21 1-212)  10-28(260-261) 

— see  also  Lower  Limb  Orthotics,  Upper  Limb  Orthotics 
Orthotic  Transverse  Rotator 

— VAPC  Research  Report  10-28(96) 
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Orthotics  and  Rehabilitation  Engineering  for  the  Spinal  Cord 
Injured  Patient 

Calendar  of  Events  10-28(264) 

Pacini,  Robert  F. 

1977  Recipient  of  Orthomedics  Fellowship  in  Prosthetics  and 
Orthotics.  Notes  and  News  10-27(206) 

Pan  Pacific  Rehabilitation 

- 6th  Conference.  Calendar  of  Events  10-27(218)  10-28(265) 
Panzarclla , J oseph  J . 

Named  “Handicapped  American  of  the  Year”  by  the  Presi- 
dent s Committee  on  Employment  of  the  Handicapped.  Notes 
and  News  10-27(204) 

Paper  Money  Identifier 

Recent  Patents:  Frank  J.  Marchak  10-27(209) 

J aralyzcd  Hospital-Director  is  Named  “Handicapped  American  of 
the  Year” 

Notes  and  News  10-27(204) 

Paralyzed  Veterans  of  America 

National  Paraplegia  Conference.  Calendar  of  Events  10-28(264) 
Patient  Evaluation  of  a Functional  Electrical  Stimulation  Hand 
Orthosis 

Contractor  Reports:  P.  Hunter  Pcckham.  VA  Hospital,  Wade- 
Park,  Cleveland,  Ohio  1 0-27(1  74-1 76)  1 0-28(214-2 1 8) 

Device  Design  and  Fabrication  1 0-28(2 1 6-2 18) 

Introduction  10-28(214) 

Operation  of  the  System  10-28(2 15-2  16) 

- Patient  Evaluation  1 0-28(2 1 8) 

Paul,  Stanley 

Clinical  Application  Study  ol  Reading  and  Mobility  Aids  for 
the  Blind.  Contractor  Reports  (Western  Blind  Rehabilitation 
Center)  I he  Report  for  10-27  was  incorporated  in  an  Article 
with  the  I i tie : “A  Preliminary  Followup  Study  of  Electronic 
Travel  Aid  Users”  10-27(82-91)  10-28(232-235) 

PEC11  see  President’s  Committee  on  Employment  of  the  Handi- 
capped 

Pcckham,  P.  Hunter 

Patient  F.valuation  ol  a Functional  Electrical  Stimulation  Hand 
Orthosis.  Contractor  Reports  (VA  Hospital,  Cleveland,  Ohio) 
10-27(174-176)  10-28(214-218) 

Pedcgana,  Larry  R. 

- Controlled  Environment  Treatment  for  Limb  Surgery  and 
Trauma  - A Preliminary  Report  (Prosthetics  Research  Study) 
10-28(16-57) 
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Pfizer,  Edward 

Deputy  Director,  VAPC,  see  VAPC  Research  Report  10-27 
(92-120)  10-28(91-131)  ' 

Permanently  Attached  Artificial  Limbs 

- Contractor  Reports:  C.  William  Hall.  Southwest  Research 
Institute,  San  Antonio, Texas  10-27(165-168)  10-28(188-191) 

Introduction  10-27(165-166) 

The  Involuted  Approach-A  New  Method  for  Percutaneous 
Skeletal  Attachment  10-27(166-167) 

19*1  Im'°lUtCd  ,ntramedu,,ary  Skeletal  Extension  10-28(1 88- 

Introduction  10-28(188) 

Methods  and  Results  10-28(188-191) 

- Summary  10-28(191) 

- Results  10-27(167-168) 

Physiological  Suspension  see  A Study  of  Interface  Pressures  in  the 
Bclow-Kncc  Prosthesis 
Pihlaja,  Eino 

- Artificial  Hand.  Recent  Patents  10-28(257) 

Plantar  and  Dorsi flexion  Foot  Plates  for  Wheelchairs 

- VAPC  Research  Report  10-28(114) 

Pneumatically  Powered  Prosthcscs 

Ihe  I N A.I.L.  Experience  Fitting  Upper-Limb  Dysmelia 
Patients  With  Myoelectric  Control:  H.  Schmidl  10-27(17-42) 

- Pneumatic  vs.  Electric  Prosthesis  Power  (Table)  10-27120) 
Poly  centric  Knee 

Pour-Bar  Linkage  Polycentric  Pneumatic  Knee.  Contractor 
^28(14^niVCrSity  ^■ddorM'a’  Berkeley)  10-27(132-133) 

Six-Bar-Linkage  Unit  with  Friction  Swing-Control.  Contractor 
(142)nS  ^niVCrS'ty  °f  Cal*f«mia,  Berkeley)  10-27(133)  10-28 

Pwlyccntric  Kncc-  VAPC  Research  Report 

IU-^7(y4) 

Polypropylene  Hip  Joint  and  Pelv  is  Band 

- VAPC  Research  Report  10-27(94) 

Polypropylene  Prosthetics 

“ Ultralight  Below-Kncc  Prosthesis.  Contractor  Reports  (Moss 
Rehabilitation  Hospital)  10-27(176-179)  10-28(218-219) 
Polysensory  Mobility  Aid 

~ (2^  *>atCntS:  *'arry  M°r'cea  and  Ronald  H.  Stroer  10-27 

Portable  I elephones  (Wireless) 

- VAPC  Research  Report  10-27(98-100) 
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1‘ortaCall  (Wireless  AM  Radio  Portable  Telephone) 

VAPC  Research  Report  10-27(98-100) 

Positiye-Lockitt^  Knee/Sha.tk  Assemblies  (United  States  Mann- 

'V-sm-  o°''  (,?U,alc*  Cal,J‘>r>iia)  (Compliance  Testing) 

\ A1  C Research  Report  10-27(  117) 

I ostsurgical  Wound  Management 

Controlled  Environment  Treatment  for  l.imb  Surgery  and 
■ auma  (a  Preliminary  Report):  Krnest  M.  H unless , ami  Lairs 

R.  Pedegana  10-28(16-57)  ■ 

Sk.n'Tna11  UX'Tr  t"  ,hc  P‘,sU>fKra‘i'‘>  of 

-Skm  Unsum  m Below-Knee  Amputees:  limes.  M.  Burgess 

Cratj>  A.  Spolek,  and  A.  Janies  Moore.  Jr.  10-28(4-15) 

1 ovver  Car  Door  ' ' " 

VAPC  Research  Report  10-27(1  16) 

Prahl.Jan 

Compression  Sheath  for  Belosv-knee  Amputated  Limbs 

Recent  Patents  10-27(208) 

Prast,  Martin  T. 

D.-vi,^1'  ra,Ulvl?°r1,:r,a:t  l>r°ivcl  on  Advanced  Orthotic 
ns  oi  Adult  Paraplegics.  Contractor  Reports  (Prast 
Research  Associates)  1 0-27(  1 69- 1 72)  1 0-28(  1 95) 

I rast  Research  Associates,  Grand  Island.  New  York 

Devices^  ‘"'s  ,>r<>Jott  ()»  Advanced  Orthotic 

Pr  st  .n  . Paraplegics.  Contractor  Reports:  Martin  I. 

(l,niu™,!-  «•’•■>  '»--<? 

Goals  for  the  Future  10-27(  171-172) 

10  27(169)  CU,Ut'Pt  (Piv‘“  AmbuhtinR  Crt.tehless  Orthosis) 

Present  State  of  Effort  1 0-27(  1 69- 171) 

A N mev^C  ‘ D S‘Ud,y  °f  Kk  c,r‘mil  ‘ rave!  Aid  Users: 

ve  } t"J)ar!",«:  (,rc8,,ry  • • Ooodrieh,  and  J.  Kenneth  Wiles 
(Western  Blind  Rehabilitation  Center)  10-27(82-91) 

family  Opinion  of  ETA  ( Elect ronic  Travel  Aids)  10-27(86) 
Mechanical  Functioning  10-27(86) 

Ihe  Patterns  of  Use  and  Disuse  10-27(89-91) 

- Travel  Patterns  10-27(85-86) 

Use  of  the  ETA  Observed  10-27(86-87) 

Prentke  Romich  ECU-1  Environmental  Control  Unit 

V APC  Research  Report  10-27(95)  10-28(99) 

Prentke  Romich  Intercom  System 
-VAPC  Research  Report  10-28(100) 

President’s  Committee  on  Employment  of  the  Handicapped 

PhCH  Physician  of  the  Year”  Award  for  1977  Goes  to 
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Robert  L.  Bennett,  Jr.,  of  Atlanta.  Notes  and  News  10-28(244- 
245) 

Pressure  Distribution  Pad  Assembly  for  Wheelchairs 

— Recent  Patents:  Matthew  Mall  10-27(209) 

Prevention  of  Disability,  and  Integration  of  the  Disabled  into 
Community,  Head  List  of  Professionals’  Priorities 

— Notes  and  News  10-28(249) 

Prior,  Ronald  E. 

— Fundamental  and  Applied  Research  Related  to  the  Design  and 
Development  of  Upper-Limb  Externally  Powered  Prosthescs. 
Contractor  Reports  (University  of  California,  Los  Angeles) 
10-27(129-132)  10-28(139-141) 

— Mobility  Aids  for  the  Severely  Handicapped.  Contractor 
Reports  (Mobility  Engineering  and  Development  (MED),  Inc.) 
10-27(168  no  Report)  For  progress  during  this  report  period 
sec  BPR  10-26(392-433)  for  an  Article  with  the  same  title) 
10-28(191-192) 

A Proposed  Technique  for  the  Postoperative  Monitoring  ol  Skin 
Tension  in  Bclow-Knee  Amputees:  Ernest  M.  Burgess,  Craig  A. 
Spolck,  and  A.  James  Moore,  Jr.  1 0-28(4-1  5) 

— Analysis  10-28(12-14) 

— Background  10-28(5-6) 

— Biomechanical  Model  10-28(6-7) 

— Experimental  Design  10-28(7-11) 

— Introduction  10-28(4-5) 

— Preliminary  Results  10-28(14-15) 

— Suturing-ln  the  Strain  Gage  10-28(1  1-12) 

Prosthesis,  Prostheses  see  Specific  Type  or  Purpose 
Prosthetic  Device  for  Holding  Golf  Clubs 
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140) 

UC-BF  Four-Bar  Polveentrie  Knee 

VAPC  Research'  Report  10-27(94) 

Ultralight  Below-Knee  Prosthesis 

Contraetor  Reports:  A.  Bennett  Wilson,  ) r..  Moss  Rehabilita- 
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lion  Hospital,  Rehabilitation  Engineering  Center,  Philadelphia, 
Pennsylvania  10-27(1 76-179)  10-28(218-219) 

United  Nations  to  Proclaim  the  Year  1981  “International  Year  for 
Disabled  Persons” 

— Notes  and  News  10-27(205) 

United  States  Manufacturing  Co.,  Glendale,  California 

— Positive  Locking  Knee/Shank  Assemblies  (Compliance  Testing) 
VAPC  Research  Report  10-27(117) 

University  of  California,  Berkeley,  (Biomechanics  Laboratory) 
Berkeley,  California 

- Design  of  Prosthetic  and  Orthotic  Devices  and  Biomechanical 
Studies  of  Locomotion.  Contractor  Reports:  Charles  W.  Rad- 
diffe,  Don  M.  Cunningham,  and  James  M.  Morris  10-27(132- 
136)  also  Larry  Lamoreux  10-28(142-152) 

— Biomechanical  Studies  of  Human  Locomotion  10-27(134-136) 

- Gait  Dynamics  10-27(134) 

- Instrumentation  for  Clinical  Gait  Evaluation  1 0-27(135-136) 

- Unequal  Leg  Length  and  Low  Back  Pain  10-27(134-135) 

- Design  of  Lower-Limb  Prosthetic  and  Orthotic  Devices  10-27 
(132-134)  10-28(141-151) 

- Four-Bar-Linkage  Polycentric  Pneumatic  Knee  10-27(132- 
133)  10-28(142) 

- Friction-Stabilized  Knee  10-27(133)  10-28(142-144) 

- Modular  Pylon  Structure  for  Below-Knec  Prosthescs  10-28 
(146) 

- Multi-Input  Control  and  Knee  Stability  10-28(148) 

- SACH  Foot  with  Metal  Keel  10-27(133-134)  10-28(146- 
148) 

— Shank  Axial  Rotation  Device  10-28(148-151) 

- Six-Bar-Linkage  Unit  with  Friction  Swing-Control  10-27 
(133)  10-28(142) 

- Tube  Couplings  for  Modular  Prosthescs  10-27(133)  10-28 
(144-146) 

-Mobility  Aids  for  the  Physically  Handicapped  10-27(136) 
10-28(151-152) 

- PRAHN  (Powered,  Reclining,  Adjustable-Height,  and  Nar- 
rowing Wheelchair)  10  27(136)  10-28(151) 

— Spring  Suspension  Powering  Unit  10-28(151) 

- Urinal  Bag  Clamp  10-27(136)  10-28(151-152) 

University  of  California,  Los  Angeles,  School  of  Engineering  and 

Applied  Science,  Lars  Angeles,  California 

- Fundamental  and  Applied  Research  Related  to  the  Design  and 
Development  of  Upper-Limb  Externally  Powered  Prosthescs. 
Contractor  Reports:  John  H.  Lyman,  Amos  Frccdy,  Ronald 
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Prior,  and  Moshe  Solomonow  10-27(129-132)  10-28(139-141) 
Control  of  an  Artificial  Limb  with  Several  Degrees  of  Free- 
dom of  Motion  10-27(129-131)  10-28(139-140) 

- Effectiveness  for  Veteran  Quadriplegics  of  Medical  Manipu- 
lators and  Design  Specifications  for  Improved  Control  10-28 
(140-141) 

- Prosthesis  Sensory  Feedback  10-28(140) 

University  of  Colorado,  School  of  Engineering,  Boulder,  Colorado 
Research  and  Development  Project  on  Advanced  Orthotic 
Devices  lor  Adult  Paraplegics.  Contractor  Reports:  Martin  T. 
Prast  and  Lawrence  E.  Carlson  10-27(1(39-172)  10-28(195) 

- Coals  for  the  Future  10-27(1  71-1  72) 

“ Concept  (Pivot  Ambulating  Crutchless  Orthosis) 

10-^:7(169) 

- Present  State  of  Effort  10-27(169-171) 

University  of  Maryland,  BioCommunications  Laboratory,  College 
Park,  Maryland,  and  VA  Hospital,  Washington,  D.C. 

— The  Development  of  Improved  Techniques  for  the  Analysis  of 
Heanng-Aid  Performance.  Contractor  Reports:  A Donald 
Causey,  jerry  Punch,  Howard  C.  Schweitzer,  Earleen  Elkins, 
and  Lucille  Beck  10-27(191-196)  10-28(235-238) 

— See  also  Hearing  Aids 

University  ol  Maryland,  BioCommunications  Laboratory,  College 
Park,  Maryland,  and  Colorado  State  University,  Department  of 
Electrical  Engineering,  Fort  Collins,  Colorado. 

Development  of  a Hearing-Aid  System  with  Independently 
Adjustable  Subranges  of  its  Spectrum  Using  Microprocessor 
Hardware.  Contractor  Reports:  Daniel  Graupe,  and  G.  Donald 
Causey  10-27(199-200)  10-28(241-242) 

— See  also  Hearing  Aids 
University  of  Miami,  Miami,  Florida 

Development  of  Refined  Fitting  Procedures  for  Lower-Limb 
rostheses  - Case  Studies  of  Applied  Research  in  Orthotics  and 
Prosthetics  - A Final  Report.  Contractor  Reports:  Augusto 
Sarmiento,  Newton  C.  McColIough,  III,  Loren  L.  -Latta,  and 
Fred  R.  Hampton  10-28(162-178) 

- Introduction  10-28(162-163) 

- Method  10-28(163-164) 

- Orthotic  Approach  10-28(166-174) 

- Patient  Population  10-28(164-165) 

- Prosthetic  Approach  10-28(174-177) 

- Results  10-28(1 77-1 78) 

- Summary  10-28(178) 
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Upper-Limb  Components 

APRL  Voluntary  Closing  Hook  (Compliance  Testing).  V APC 
Research  Report  IO-27(  117) 

Artificial  Hand.  Recent  Patents  1 0-28(257) 

llosmcr  External  Elbow  Assemble  (Compliance  ‘l’i*st injt>). 

VAPC  Research  Report  10-28(128-129) 

Improved  Suspension  lor  Wrist  Disarticulation  I’rostlicses. 
VAPC  Research  Report  10-28(97)) 

Internal  Elbow  Assemble  (Compliance  Testing).  VAI’C  Re- 
search Report  1 0-2  7(  117)' 

lhe  Northwestern  L'niversitv  Synergetic  Hook.  VAPC  Re- 
search Report  1 0-28(95-96) 

Prosthetic  Device  for  Holding  Coll'  Cltths.  Recent  Patents 
1 0-27(209-2 1 0) 

Prosthetic  Cuitar  Pick.  Recent  Patents  10-27(210) 

Sierra  Voluntary  -Closing  Hand  (Compliance  Testing).  N’AI’C 
Research  Report  10-28(129) 

Stv  also  Cpper  l.imh  Prosthetics 
Upper-l.imb  Orthoses 

Patient  Evaluation  of  a Functional  Electrical  Stimulation  Hand 
Orthosis.  10-27(174-170)  10-28(214-218) 

Sani-Comfo  Arm  Splint.  VAI’C  Research  Report  10-27(1  1.5) 
Upper-Limb  Prosthetics 

Continued  Kvaluatioii  of  Externally  Powered  Upper-Limb 
Prostheses.  Contractor  Reports  (The  Johns  Hopkins  Univer- 
sity) 10-27(148) 

Control  of  an  Artificial  Upper  l.imh  in  Several  Decrees  of 
freedom.  Contractor  Reports  (Colorado  State  University) 
10-27(155-157)  10-28(1  78-179) 

Fundamcnt.il  and  Applied  Research  Related  to  the  Design  and 
Development  of  Upper-Limb  Externally  Powered  Prostheses. 
Contractor  Reports  (University  of  California,  Los  Angeles) 
10-27(129-132)  10-28(139-141) 

The  I.N.A.I.L.  Experience  Fitting  Upper-Limb  Dysmelia  Pa- 
tients with  Myoelectric  Control.  II.  Schmidl  10-27(17-43) 
A Multifunctional  Prosthesis  Control  System  Based  on  Time 
Series  Identification  of  EMC  Signals  Using  Microprocessors. 
1).  Craupe,  A.  A.  M.  Beex,  W.  J.  Monlux,  and  1.  Magnusscn 
10-27(4-16) 

Prosthetics  Research.  Contractor  Reports  (Northwestern  Uni- 
versity) 10-27(127-129) 

— Above-Elbow  Prosthesis  Control  10-27(128) 

Atmospheric  Pressure  Suspension  System  1 0-2 7 ( 1 29) 

Design  of  a Powered  Arm  for  Shoulder  Disarticulation 
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Amputees  10-28(135) 

Northwestern  University  Bclow-Elbow  Socket  10-27(129) 
10-28(136) 

Synergetic  Hook  and  Hand  10-27(127-128)  10-28(136) 
Thoracic  Suspension  Harness  10-27(129) 

Urinal  Bag 

Urinal  Bag  damp.  Contractor  Reports  (University  of  Cali- 
fornia, Berkeley)  10-27(136)  10-28(151-152) 

VA  Hospital,  Castle  Point,  New  York 

Acceleration  of  Bone  Healing  by  Electrical  Stimulation.  Con- 
tractor Reports:  George  Van  B.  Cochran  10-27(157-158) 
Hemodynamic  Evaluation  of  Post-Operative  and  Preoperative 
Amputees.  Contractor  Reports:  Bok  Y.  Lee,  Frieda  S.  Trainor, 
David  Kavner,  1).  Eng,  John  L.  Madden,  and  Emilio  Ejcrcito 
10-27(158-161)  10-28(180-181) 

VA  Hospital,  Wade  Park,  Cleveland,  Ohio 

Engineering  Applications  in  Orthotic  and  Prosthetic  Treatment 
of  Musculoskeletal  Defects.  Contractor  Reports:  E.  Byron 
Marsolais  and  E.  Schulz  10-27(172-174)  10-28(195-214) 

— Applications  of  Motion  Analysis  in  Orthoties  and  Prosthe- 
tics 10-28(204-211) 

Collaborative  Research  10-28(211) 

— Comparison  of  Five  Orthoses,  Including  an  Implanted  Elec- 
tronic Stimulator  (NMA)  10-27(173) 

Effects  of  Neuromuscular  Diseases,  Joint  Disease,  Surgery, 
Drugs,  and  Exercise  on  Body  Motion  10-28(21 1) 

— Functional  Electrical  Stimulation  of  Paralysis  of  Muscula- 
ture of  the  Hip  10-27(173-174) 

— Other  Related  Work  Accomplished  10-28(211-214) 

— Three-Dimensional  Automated  Motion  and  Joint  Force 
Analysis  10-28(195-204) 

Three-Dimensional  Gait  Analysis  10-27(172-173) 

— Patient  Evaluation  of  a Functional  Electrical  Stimulation  Hand 
Orthosis.  Contractor  Reports:  P.  Hunter  Peckham  10-27(174- 
176)  10-28(214-218) 

— Device  Design  and  Fabrication  10-28(216-218) 

— Introduction  10-28(214) 

— Operation  of  the  System  10-28(215-216) 

— Patient  Evaluation  10-28(218) 

VA  Hospital,  Hines,  Illinois,  Central  Rehabilitation  Section  for 
Visually  Impaired  and  Blinded  Veterans 

Clinical  Study  of  Mobility  Aids  for  the  Blind.  Contractor 
Reports:  John  D.  Malamazian  and  Harvey  Laucr  10-27(190- 
JamcsJ.  Whitehead  10-27(187-190)  10-28(230-232) 
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Glucose  Analy/cr  Tested  1 0-28(29  l -282) 

Hint's  F.  i A Program  Reviewed  10-27(188-190) 

Bionit'  Instruments,  Inc.,  Laser  (mho  10-27(189) 
l.imlsu\  Russell  Pathsoundcr  10-27(188-189) 

WISA  Sonicguidc  MK  II  10-27(189-190) 

Clinical  Trials  ol  Reading  Maeltines  lt>r  the  Blind.  Contractor 
Reports:  John  1).  Malama/ian,  anti  llaney  Latter  10-27(190- 
191)  1 0-28(229-290) 

\’A  Hospital.  New  Orleans,  Louisiana 

Orthopedic  Implant  Dev  ice  Retrieval  and  Analysis.  Contractor 
Reports:  Allen  M.  Weinstein  10-27(179-180)  10-28(219-224) 
Toward  a Nationwide  Retrieval  Program  10-28(228-224) 

VA  Hospital,  Palo  Alto,  California,  Western  Blind  Rehabilitation 
Center 

Clinical  Application  Study  of  Reading  and  Mobility  Aids  for 
the  Blind.  Contractor  Reports:  ).  Kenneth  Wiley,  Gregory  L. 
Coodrich,  Nancy  C.  Darling,  and  Richard  R.  Bennett.  Report 
incorporated  into  article  under  "A  Preliminary  Followup 
Study  of  Llcctronic  Travel  Aid  Users"  10-27(82-91)  10-28 
(292-295) 

Conferences  Attended  10-28(294) 

Mobility  Aids  and  Training  10-28(292-299) 

Papers  and  Publications.  1977.  10-28(294-295) 

Reading  Aids  and  Training  10-28(28.9-234) 

VA  Hospital,  Pittsburgh,  Pennsylvania,  Audiology  anti  Speech 
Pathology  Service 

Compression  Amplification  and  Speech  Intelligibility  in  Noise. 
Contractor  Reports:  Jing  J.  Sung  10-27(199)  10-28(240-241) 
VA  1 lospital,  San  Francisco,  California 

Bclow-Knee  Amputation  with  Immediate  Postoperative  Fitting 
of  Prosthesis.  Contractin'  Reports:  Wesley  S.  Moore,  Albert  1). 
Hall,  and  Leigh  A.  Wilson  10-27(142  no  report)  10-28(150  no 
report) 

VA  Hospital,  Seattle,  Washington 

VAH  Seattle  Amputee  Service.  Contractor  Reports  (Prosthe- 
tics Research  Study , Seattle,  Washington)  10-27(187-198) 

VA  Hospital,  Syracuse,  New  York 

(''.valuation  of  Klectrical  Techniques  for  Stimulation  of  Hard 
Tissue  Growth.  Contractor  Reports:  Robert  O.  Becker,  J.  A. 
Spadaro,  and  A.  A.  Marino  10-27(180-184) 

Background  10-27(180-184) 

Present  Investigations  10-27(184)  10-28(224  no  report) 

VA  Hospital,  Washington,  D.C.  vcc  The  Development  of  Improved 
Techniques  for  the  Analysis  of  Hearing  Aid  Performance. 
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VA  Hospital,  West  Haven,  Connecticut,  Kastern  Blind  Rehabilita- 
tion Center 

Clinical  Application  Study  of  Reading  and  Mobility  Aids  for 
the  Blind.  Contractor  Reports:  Donald  K.  darner,  William  R. 
De  I'A une,  and  Patricia  1).  Gadbaw  10-27(196-198)  10-28 
(238-240) 

Preliminary  Evaluations  10-27(197-198) 

Kvaluation  of  Luchcck  Lighted  Cane  10-27(197) 

Kvaluation  of  Snipas  Glucose  Analyzer  10-27(197-198) 
Speech-Plus  Talking  Calculator  1 0-2 7 ( 1 98) 

VAPC  Clinic  Team  Kvaluation 

Statistics  of  Veterans  Treated  l»y  Clinic  Team  July  1 to 
December  31,  1976.  VAPC  Research  Report  10-27(1  19-120) 
Statistics  of  Veterans  Treated  by  Clinic  learn  January  l to 
June  30,  1977.  VAPC  Research  Report  10-28(130-131) 

VAPC  Pneumatic  Wheelchair  Control  Model  11 
VAPC  Research  Report  10-27(106) 

VAPC  Powered  Ambulator 

- VAPC  Research  Report  10-28(1  13-1 14) 

VAPC  Remote  Alarm 

- VAPC  Research  Report  10-28(100) 

VAPC  Research  Report:  Anthony  Staros  and  Edward  Pei/cr  10-27 
(92-120)  1 0-28(9 1-131) 

VA  Research  Center  for  Prosthetics,  New  York,  New  York 

Stump  Stress  Analysis.  Contractor  Reports:  l.eon  Bennett 
10-27(126  no  report)  10-28(134  no  report) 

The  VIP- 100  Speech  Recognition  Knvironincntal  Con  rol  System 

- VAPC  Research  Report  10-28(96-98) 

Vocational  and  Kducational  Opportunities  Described  in  Booklet  for 
the  Disabled 

- Notes  and  News  10-27(202-203) 

Voice-Operated  Typewriter  and  Knvironincntal  Control  System 

(VOTECS) 

- VAPC  Research  Report  10-27(95-96) 

Volvo  Driving  System 

- VAPC  Research  Report  10-27(1 16) 

VOTRAX  Handi-Voice  System 

- VAPC  Research  Report  10-28(101-102) 

Walking  Aids 

- Invalid  Lifting  and  Walking  Device.  Recent  Patents  10-27(209) 
Weinstein,  Allen  M. 

- Orthopedic  Implant  Device  Retrieval  and  Analysis.  Contractor 
Reports  10-27(179-180)  10-28(219-224) 
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Western  Orthopaedic  Association 

Annual  Meeting.  Calendar  of  Events  10-27(216)  10-28(265) 

W hcclchair  Cushions 

Medpro  Chair  Flotation  Cushion.  VA1*C  Research  Report  10- 
28(  117) 

Pressure  Distrihution  Pad  Assetnhlv  lor  Wheelchair.  Recent 
Patents  10-27(209) 

Wheelchair  Cushion  Study.  VAPC  Research  Report  10-28 
(116-117) 

Wheelchair  l.ilts 

Wheelchair  Lilts  (Kvaluation).  Contractor  Reports  (Texas 
ARM  Cniversity)  10-27(149-151) 

Wheelchair  Loaders  vcc  Automotive  Adaptive  F^quipmcnt 
Wheelchair-Mounted  Control  Apparatus 

Recent  Patents:  Aldcn  C.  Simmons,  James  I . Mel  adden,  and 
Robert  S.  Bennett  10-27(210) 

Wheelchair  Pad  Movement  Monitor 

VAPC  Research  Report  10-28(1  19-120) 

Wheelchairs 

- Amigo  Motorized  Wheelchair.  VAPC  Research  Report  10-27 
(107-108) 

- Lleetrically  Operated  Brake  for  Powered  Wheelchairs.  VAPC 
Research  Report  10-27(106-107) 

Llectronic  Power  Conversion  Kit  for  Wheelchairs.  VAPC  Re- 
search Report  10-28(102-108) 

Everest  and  Jennings  Rehabilitation  Shower/Commode  Wheel- 
chair. VAPC  Research  Report  10-27(1 1 1) 

- GenTel  Motor-in-the-1  luh  Powered  Wheelchair.  VAPC  Re- 
search Report  10-28(109) 

- Insta  Gaiter.  VAPC  Research  Report  10-28(  110-111) 

Invacarc  Llitc  Series  800  Wheelchair.  VAPC  Research  Report 
10-27(108-110) 

- LEM  Power  Chair.  VAPC  Research  Report  10-28(114-115) 

- National  Wheelchair.  VAPC  Research  Report  10-28(109-110) 

- PRAHN  (Powered,  Reclining,  Adjustable-Height,  and  N arrow- 
ing)  Wheelchair.  Contractor  Reports  (University  of  California, 
Berkeley)  10-27(136)  10-28(151) 

- Sun  Industries  Curb-Climbing  Electric  Wheelchair.  VAPC  Re- 
search Report  10-28(106-109) 

- Stainless  Medical  Products  Electric  Wheelchairs.  VAPC  Re- 
search Report  10-28(112-113) 

- VAPC  Pneumatic  Wheelchair  Control,  Model  11.  VAPC  Re- 
search Report  10-27(106) 
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Wheelchair-Mounted  Control  Apparatus.  Recent  Patents  10-27 

(210) 

— .see  also  Mobility  Aids  lor  the  Physically  Handicapped 
White  House  Conference  on  Handicapped  Individuals 

5-Day  Conference:  "...  And  I Say  to  You  Tonight  That  the 
l ime  for  Discrimination  Against  the  Handicapped  ...  is 
Over.”  Notes  and  News  10-28(249-250) 

Whitehead,  James  J. 

Clinical  Study  of  Mobility  Aids  for  the  Blind.  Contractor  Re- 
ports (Central  Rehabilitation  Section  for  Visually  Impaired 
and  Blinded  Veterans)  10-27(187-190) 

Wiley, J.  Kenneth 

— Clinical  Application  Study  of  Reading  and  Mobility  Aids  for 
the  Blind.  Contractor  Reports.  (Western  Blind  Rehabilitation 
Center)  Report  incorporated  into  article  under  “A  Preliminary 
Followup  Study  of  Klectronic  Travel  Aid  Users”  10-27(82- 
91)  10-28(232-235) 

A Preliminary  Followup  Study  of  Klectronic  Travel  Aid 
Users  10-27(82-91) 

Wilson,  A.  Bennett,  Jr. 

Ultralight  Below-Knee  Prosthesis.  Contractor  Reports  (Moss 
Rehabilitation  Hospital.  Philadelphia,  Pa.)  l0-27(  1 76-1 79) 
10-28(218-219) 

Wilson,  Leigh  A. 

Below-Knee  Amputation  with  Immediate  Postoperative  Fit- 
ting of  Prosthesis.  Contractor  Reports  (VA  Hospital,  San 
Francisco)  10-27(142  no  report) 

Winsford  Feeder 

VAPC  Research  Report  10-28(126-127) 

World  Confederation  for  Physical  Therapy 

8th  International  Congress.  Calendar  of  Events  10-27(217) 
World  Conference  on  the  Therapy  of  Machines  and  Mechanism 
5th  Conference.  Calendar  of  Events  10-28(266) 

World  Council  for  the  Welfare  of  the  Blind 

6th  World  Assembly.  Calendar  of  Events  10-28(266) 

World  Federation  of  the  Deaf 

8th  Congress.  Calendar  of  Events  10-27(218)  10-28(266) 

World  Federation  of  Occupational  Therapists 

7th  International  Congress.  Calendar  of  Events  10-27(217) 
World  Rehabilitation  Fund 

Plans  Four  New  Overseas  Prosthetic -Orthotic  Workshops. 
Notes  and  News  10-27(205-206) 

Wound  Healing 

see  Postsurgical  Management 


] 

: 

1 


267 


t 


Bulletin  of  Prosthetics  Research-Spring  1978 

Wrist  Disarticulation  I’rostlicscs 

Artificial  Wrist  and  Arm  Prosthesis.  Recent  Patents  10-28(257) 
Improved  Suspension  for  Wrist  Disarticulation  Prostheses. 
VAPC  Research  Report  1 0-28(95) 

5 alow,  Rosalyn  S. 

YA  Nohel  Prize  Winner  in  Medieine.  Notes  and  News  1 0-28 
(243-244) 


NOTICE  TO  CONTRIBUTORS 

We  welcome  contributions  to  the  Bulletin.  Io  facilitate  publish- 
ing please: 

1 . Type  in  double  space  the  text,  figure  captions,  footnotes, 
references,  and  tables  on  one  side  of  letter-size,  plain  bond  paper. 

2.  Leave  margins  of  1 V-t  inches  on  the  left  and  1 V*  inches  on  the 
right. 

3.  Capitalize  title  of  paper  and  center.  Below  title,  center  au- 
thor’s narne(s)  with  highest  degree  or  certification.  Then  center 
position  title,  organization,  and  location  (lull  address  and  zip  code). 

4.  Number  pages  consecutively  in  the  lower  right-hand  comer  of 
the  page  in  pencil,  bach  page  must  start  with  a new  paragraph.  Type 
preceding  page  short  il  necessary.  Indent  paragraphs. 

5.  Cite  ail  references  by  number  in  the  text  and  list  numerically 
at  end  of  paper. 

(i.  Submit  halftone  photographs  with  good  contrast  on  8 X 10 
glossy  paper.  Line  drawings  should  be  in  India  ink.  Do  not  dent 
glossy  photographs  or  art  work  with  paper  clips.  All  figures  must  be 
suitably  protected  for  flat  mailing. 

7.  Provide  a caption  for  each  tigure  and  cite  by  number  within 
the  text.  Type  caption  on  separate  sheet.  Pencil  in  lightly  on  back 
of  each  glossy  photograph  the  figure  number,  author’s  name,  and 
article  title.  Use  Arabic  numbers  for  tables  and  figures. 
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